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ADVERTISE»IENT 

OF TBB AXttSRZOAN EDXTOB. 

The familiar and agreeable manner in ^hich the '' Conversationa on Che* 
mistrj" are written, renders this one of the most pepular treatises on the 
snbject which has ever appeared. The ele^nt and easy style also, in which 
the authoress has managed to convey scientific instruction is peculiarly adap- 
ted to the object of the work. 

In some respects, however, the English edition may be considered as ob- 
jectionable. A book designed for the instruction of youth, ought, if possi- 
ble, to contain none but established principles. 

■Known and allowed facts are always of much higher consequence than 
theoretical opinions. To youth, particularly, by advancing as truths, doc- 
trines which have arisen out of a theory not founded on demonstration, we 
run a chance of inculcating permanent error. 

In these respects we think that Mrs. Bryant has not been sufficiently guard- 
ed. The brilliant discoveries of Sir Humphrey Davy, and his known emi- 
nence as a Chemical Philosopher, seem in many instances to have given his 
opinions an authority, which, in the mind of the writer, superseded further 
investigation. Indeed, inferences are sometimes drs^wn from these opinions 
which they hardly warrant. Under this view of the subject, a part of the 
notes is designed to guard the pupil against adopting opinions which he will 
find either contradicted, or merely examined by most chemical writers, in 
addition to this, I have made such explanations of the text as I thought jvould 
assist the pupil in understanding what he reads. 

In attemptiug to make this science popular, and of general utility, it is of 
great importance that the experiments come within the use of such instru- 
ments as are easily obtained. I have therefore given such directions on this 
subject, as my former experience as a lecturer, with a small apparatus, 
taoffht me to believe would be of service. 

The list of experiments was chiefly made up without referring to books t 
•ojue few of them, however, are copied from rai^ke, Accum, &c. 

REMARKS BY THE REV. MR. BLAKE. , 

The questions, in the present edition, are placed at the bottom of the sev- 
eral pages to which they relate. This plan has been adopted in the Boston 
edition of Conversations on Natural Philosophy, and is become very popular. 
The advantages of it are too obvious to escape observation, and, of course, 
to need being particularized, it will be seen that the questions are more 
numerous than they were in the two first impressions from this copy. It 
may be supposed by persons not acquainted with teaching, that they are too 
numerous, as some of them are repeated in various forms, and others are ' 
seemingly unimportant. But it is found necessary that scholars should be 
examined on every page, and upon nearly every paragraph, whether there is 
any thing very important or not. No small portion of learners will past 
over without study, all in which the;y are not to be questioned. Hence what 
might be called a system of questions would be quite insufficient. 



PREFACE. 

In venturing to offer to the public, and more particularly 
to the female sex, an Introduction to Chemistry, the author, 
herself a woman, conceives that some explanation may be 
re€|uired ; and she feels it the more necessary' to apologize 
for the present undertaking, as her knowledge of the sub- 
ject is but recent, and as she can have no real claims to the 
til^e of chemist. 

On attending for the first time experimental lectures, the 
author found it almost impossible to derive any clear or satis- 
factory information from the rapid demonstratimis which are 
usually, and perhaps necessarily, crowded into popular cour- 
ses of this ^d. But frequent opportunities having 'after^ 
wards occurred of conversing with a friend on the subject of 
chemistry, and of repeating a variety of experiments, i^ebe* 
came better acquainted with the principles of that science, 
and began to feel highly interested in its pursuits. It was 
then that she perceived, in attending the excellent lectures 
delivered at the Royal Institution, by the present Professor 
of Chemistry, the great advantage which her previous know- 
ledge of the subject, slight as it was, gave her over others 
who had not enjoyed the same means of private instruction. 
Every fact or experiment attracted her attention, and served 
to expledn some theory to which she was not atotalstrangei^; 
and she had the gratification to find that the numerous and 
elegant illustrations, for which that school is so much dis- 
tinguished, seldom failed to produce on her mind the effect 
for which they were intended. 

Hence it was natural to infer, that familiar conversation 

was, in studies of this kind, a most useful auxiliary source of 

information ; and more especially to the female sex, whose 

V education is seldom calculated to prepare their minds for 

abstract ideas, or scientific language. 

As, however, there are but few women who haye access 
to this mode of instruction ; and as the author was not ac- 
quainted with any book that could prove a substitute for it, 
she thought it might be useful for beginners, as well as sat- 
isfactory to herself, to trace the steps by which she had ac- 
quired her little stock of chemical knowledge, and to record, 
in the form of dialogue, those ideas which she had first de- 
rived from conversation. 

But to do this with sufficient method, and to fix upon a mode 
of arrangement, was an object of some difficulty. Afler much 
hesitation, and a degree of embarrassment, which, probably, 
the most competent chemical writers have oflen felt in com- 
mon with the most superficial, a mode of division was adopt- 
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«d, which, though the most natural, does not always admit 
of being strictly pursued — it is that of treating first of the 
simplest bodies, and then gradually rising to the most intri* 
cate compounds. 

It is not the author's intention to enter into a minute vindi- 
cation of this plan. But whatever may be its advantages or 
inconveniences, the method adopted in this work is such, 
that a young pupil, who should only recur to it occasionally 
¥dth a view to procure information on particular subjects, 
might oflen find it obscure or unsatisfactory ; for its various 
parts are so connected with each other as to form an unin- 
terrupted chain of facts and reasonings, which will appear 
sufficiently clear and consistent to those only who may have 
patience to go through the whole work, or have previously 
devoted some attention to the subject. 

It will, no doubt, be observed, that in the course of these 
Conversations, remarks are oflen introduced, which appear 
much too acute for the young pupils, by whom they are sup. 
posed to be made. Of this fault the author is fully aware. 
But, in order to avoid it, it would have been necessary either 
to omit a variety of useful illustrations, or to submit to such 
minute explanations and frequent repetitions, as would have 
rendered the work tedious, and therefore less suited to its 
intended purpose. 

In writing these pages, the author was more than once 
checked in her progress, by the apprehension that such an 
attempt might be considered by some, either as unsuited to 
the ordinary pursuits of her sex, or ill-justified by her own 
imperfect knowledge of the subject. But, on the one hand, 
she felt encouraged by the establishment of those public in- 
sititutions, open to both sexes, for the dissemination of philo- 
sophical knowledge, which clearly prove that the general 
opinion no longer excludes woman from an acquaintance 
with the elements of science ; and, on the other, she flatter- 
ed herself, that whilst the impression made upon her mind, 
by the wonders of Nature, studied in this new point of view, 
were still fresh and strong, she might perhaps, succeed the 
better in communicating to others the sentiments she herself 
experienced. 

The reader will perceive, in perusiug this work, that he is 
supposed to have previously acquired some slight knowledge 
of Natural Philosophy, a circumstance so desirable^ that £e 
author has, since the original publication of this work, been 
induced to offer to the public a small tract, entitled << Con- 
versations on Natural Philosophy," in which the most es- 
hernial rudiments of that science are familiarly explamed. 

1* 
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Of the Circulation of the Blood — Of the Functions of the Arteries, 
the Veins, and the Heart— Of the Lungs — Effects of Respiration on 
ths Blood. 

CONVERSATION XXVI. 

ON ANIMAL HEAT ; A^D OF VARIOUS ANIMAL PRODUCTIONS. 311 

Of the Analogy of Combustion and Respiratioii-^Animal Heat evol- 
ved in the Lungs — Animal Heat evolved in the Circulation — Heat 
produced by Fever-» Perspiration — Heat produced by Exercise-— 
Equal temperature of Animals at all .Seasons — Power of the Ani- 
mal Body to resist the Effects of Heat — Cold produced by Perspi- 
ration — Respiration of Fish and of Birds — Effects o§ Respiration on 
Muscular Strength. — Of several Animal Products, viz. Milk, Butter, 
and Cheese ; Spermaceti ; Ambergris ; Wax ; Lac ; Silk ; Mask ; 
Civet ; Castor*— Of the putrid Fermentation — Conclusion, 
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CONVERSATIONS 

ON 

OBBBIZSTRT. 



CONVERSATION I. 

4n th]^ oeneraj. principles of chemistry. 

Jifrs, B. Asyoa bare now acquired some elementary notioD9 
of Natural Philosophy, I am going to propose to you another 
branch of science, to which I am particularjv anxious that you 
should dcFote a share of your attention. /'This is Chemistry, 
which is so closely connected with ^iatQral Phiiosopbyy that the 
stady of the one must be incomplete without some knowledge of 
the other ^for, it is obvious that we can derive but a very imper- 
fect idea of bodies from the study of the general laws by which 
they are goyerned, if we remain totally ignorant of their mtimat^ 
Dature. , 

Caroline. To confess the truth, Mrs. B., I am not disposed to 
form a very favourable idea of chemistry, nor do I expect to derivet 
much entertainment from it. I prefer the sciences which exhibit 
nature on a grand scale, to those that are confined to the minutiae 
of petty details. Can the studies which we have lately pursued, 
the general properties of matter, or the revolutions of the heaven- 
ly bodies, be compared to the mixing up of a few insignificant 
drugs ? I grant, however, there may be some entertaining experi- 
mems in Cbwiistry, and should not dislike to try sqpie of them : 
the distilling of lavender, for instance, or rose water 

JIfrf. J3. T rather imagine, my dear Carohne, that your want odf 
taste for chemistry proceeds from the very limited idea you enters 
tain of its object. You confine the chemist's laboratory to the nar- 
row precincts of the apothecary's and perfumei^s shops, whilst it is 
sabservient to an immense variety of other useful purposes. Be* 
sides, my dear, chemistry is by na means confined to works of art. 
Nature also has her laboratory, which is the universe, and there she ' 
is incessantly employed in chemical operations. You are surprised , 
^Caroline ; but I assure you, that the most wonderful and the most 



1 . With what other study i^ that of chemistry closely connected? 

9, Why is the study of Natural Philosophy incomplete without 
that of chemistry ? 

3, What does Mrs. B. consider a chemical laboratory, in its matt 
exfimded signification ? 

2 
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14 GENERAL PR^CIPLES 

»- 

/ iatereslin^ phenomena of natnt-e, afe almost all of them produced 
( by chemical powers. W hatw3ergman>in the introduction to his 
/ history of chemistry, has saiu of Jhis science, will give you a more 
just and enlarged idea of it. The knowledge of nature may be 
divided, he observes, into three periods. The first is that in which 
the attention of men is occupied in learning the external forms and 
characters of objects, and tiiis is cxilied JSTalural History. In the 
second, they consider the effect^of bodies acting on each other by 
their mechanical power, as tlieir weight and motion, and this con- 
stitutes tiie science of JVf/<ur«^ Philosnphy. The third period is , 
that in wbicli the properties and mutual action of the elementary 
parts of bodies are investigated. This last is the science of Chem- 
iSTRr, and 1 have no doubt you will soon agree with me in think-- 
ing it the most interesting. ^ 

You may easily conceive, therefore, that without entering into 
the minute details of practical chemistry, a woman may obtain, 
such a knowledge of the science as will not only throw an interest' 
oo the common occurrences of life, but will enlarge tbe spliereof 
her ideas, and render the contemplation of nature a source of de- 
lightful instruction. 

Caroline. If this is the case, f have certainly been/ much mista- 
ken in the notion I h?d formed of chemistry. I own that"! thought 
it was chiefly confined to the knowledge and preparation of medi- 
cines. * 

Mrs. B. TIjat is only a branch of Chen^)«try which is called 
Pharmacy, and though the study of it !s,;yio' doubt, of great im- 
portance (0 the world ti large, it belongs exclusively to profession- 
al men, and is therefore the last that I should advise you to pursue. 

Emily. But did not the chemists formerly employ themselves in 
search of the philosopher's stone^ or the secret of making gold?"" 

* The Alchymists had in view three great dhjetts of discovery, 
viz. 1st. The Elixir of health : by the use of which the lives of 
jnen might be protracted to any desirable length, or their mortality 
prevented. 2ud. The universal solventy or a liquid which should 
dissolve levery other substance. This, it was supposed, would iead 
to tioie grand discovery. 3rd. Th6 moArif}^ o/* ^-o/J. or finding the 
philosopher*} stone. That men 6f soufid and discrinnnating nninds 
on pther sufajecta, should have spent their whole I i vest in pursuits so 
chimerical, is to us wonderful inc^eed* But oui" wonder ceases in 
sooio degree, when we are told that th6 doctrine of tr^jBtmtftation, 
tic, was founded ^n a Theory^ which, in the 12th Century, was 
4:on8idered as plausible, as we consider many of ours at the pres- 
ent day, viz* That a perfect metal consisted ofquieksilver and stU- 

4. -To what author does Mrs. B* allude, in her introductory re- 
jnarJis t 

5. latio bow fnanj jp^riods does Bftff man divide the knowledge of 
natvre ? 

C. "Wkat is the.firsit ? ^ 

7. Whai is the seoond? 

8. What is ibe third? 

9. "Wliat k that branch -of chemistry called Pharmacy .' 

1 0. Whml three great obJhrU had the ^chymiHt in view f 
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JIfrj. J^. V^^® were a particular set of mis^^nided philosophers, 
wbodig-oinecHhemselves with the name of Alchyiiiists, todislingiiisb 
tbeir purauitsl from those of the comnion chemists, whose studies 
wereiconfioed to the knowliedg'e of medicines. 

But since ttat period, chemistry has nnderg^one so complete a' 
re¥olutioa, tiiat, from an obscure and mysterious art, it is now be- 
comp a regular and beautiful science, to which nrt is eniirciv sub- 
servient, it is true, however, that we arc indebted to the alchy- 
' mists for many very useful discoveries, which sprunir from tbeir 
fruitless attempts to make f^o\d, and ivhicli, nndonhtedly, have pro- 
ved of in Qnvtely greater advantage to mankind than ail their chi- 
merical pursuits. 

The modern chemists, instead of directing* their ambition to the 
rain attempt of pro<]ucing any of liie orijs^inal substances io oa- ' 
lure, rather aim at analyzing* and imitatinj^ her operations, and ' 
liave sometimes succeeded in forminjy cotnbmations, or effecting ', 
decompositions, no instances of which occur in i.he chemistry of 
feature. They have little reason to regret their inability to make 
gold, whilst, by their mnumerable inveiitions ami di^c )vcries. they 
bav^e so greatly stimulated industry and facililatod ialiour, as pro- 
digiously to increase the luxuries as well as the necessaries of life* 

Emify. Bull Jo not understani by what means cliumistry can 
lauciljtate labour ; is not that rather the province of the mechanic? 

J^Irs. B, There are many ways by which labour may be render- 
ed more easy, independently of meclianics; but mecimnical inven- 
tions themselves often derive iheir utility from a clictnical princi- 
ple. Thus that most wonderful of all machines, t)ie Steam-engine, 
could never have been invented without the ass:$;tance nf*cheini8' ' 
try. Id agriculture, a chemical knowIe<ige of the nature of soils, 
and of vegetation, is highly useful ; and, in those arts which re- 
late to the comforts and. conveniences of life, it would be endless to 
entimerate the advantages which result from the study of this sci- 
ence. 

CaroVne, But pray tell us more precise^' in what manner the 
discoveries of chemists have proved so beneficial to society ? 

phur ; these, wlien pure and united, formed g-old. That all other ! 
metals contained a quartily of dross, which t)revenlcd the parti- 
cles of these two substances from uniting^. If, therefore, this dross 
could be got rid of in the other metals, cold woul I be the result. — 
They believed also, that nature her«elf favoured this operation. — 
Thus Friar Roger Bacon, in his Mirror of Alchymy, says* '* 1 must 
tell you, thai nature tilwaies iiitcndcth and striueth to the perfec- 
tion of gold ; but many accidents comming bet»vi^en, change the 
mettalls," &c. See his Book printed in 1597, chap. ii. — C. 



11. Who were formerly called Alchymisis ? 

12. Why did they assume this name ? 

13. What IS the object of modern chemistry f 

14. C^'* chemistry affard any assistance in manual labor? 
16- What. are instance* of it ? 



' < ,1$,. How IS chctnistry serviceable in agriculture ? 
,^i *'17. tfk'fi opinun is sd'din the noUy to have prtvailed in 
'^-mmku^ inrtUUion lomefal^f ^ <«. 
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16 OEXERAL FlUNCIFLES 

Mr8. B. That would be an injadicions anticipation ; for jou 

would not compreheud the nature of Buch discoveries and useful 

/ applications, as well as you Will do hereafter. Without a due re- 

(^ rard to method, we cannot expect to make any progress in cbem- 

A istry. 1 wish to direct your observations cbieny to the chemical 

/ t>perations of Nature ; but those of art are certainly of too hirh 

importance to pass unnoticed. We shall therefore allow fhem ano 

some share of our attention. 

Emily. Well, then, let us now set to work regularly. I am irery 
anxious to begin. 

Mrs. B. The object of chemistry is to obtain a knowledge of the 
intimate nature of bodies, and their mutual action on each oth- 
er. You find, therefore, Caroline, that this is no narrow or confin- 
ed sciedC6j which comprehends every thing material within our 
sphere. 

Caroline. On the contrary, it must be inexhaustible ; and I am 
at a loss to conceive how any proficiency can be made in a science 
whose objects are so numerous. 

JIfrtf. B. If every individual substance Were formed of different 
materials, the study of chemistry would, indeed, be endless ; but 
you must observe that the various bodies in nature, are composed 
of certain elementary principles, which are not very numerous. 
Caroline. Yes ; I know that all bodies are composed of fire, air, 
' earth, and water ; 1 learnt that many years ago. 
; ;<«> J^rs B, But you must now endeavour to forget it. I hare al- 
.^eady informed you what a great change chemistry has undergone 
*,•■ ^ since it has become a regular science. Within these thirty years 
especially, it has experienced an entire revolution, and it is now 
. proved that neither fire, air, earth, nor water, can be called ele- 
/ mentary bodies^ For an elementary bojdy is one that has never 
been decomposeof that is to say, separated into other substances i\ 
and fire, air, earth, and water, are all of them susceptible of dcr> 
composition. 

Emily. I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemen- 
tary substance is not capable of being decomposed,- as well as any 
other. • 

i Jfrs. B. You have misconceived the idea of decompontion ; it 
' is very different from mere division. (The latter simply reduces a 
^ body into parts, but the former separates it into the various ingre- 
'^dients, or materials, of which it is composed.VTf we were to take 
' a loaf of bread, and separate the several ingreoients of which it is 
made, the flour, the yeast, the salt, and the water, it would lie rery 
different from cutting or crumbling the loaf into pieces./ 

Emily. I understand you now very well. To decompose a body 



18. To what does Mrs. B. say it is necessary to pay refpird in the 
study of chemistry ? 

19. Of what are the various bodies in natnre composed ? 

20. Of what was it formerly thought they were composed ? 

21. What IS an elementary body ? "•'Jj' 

2S. What is the difference between cliyllMcm and decdroposition f 
t3. What are instances of decompoei&»( P ^ 
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1 

IB to separate fr^m each .other the various elemeotary sabstaaees 
oftf^hich it consists. 

Caroline. But flour, water, and ottier materials of bread, nccord- 
ing to your definition, are not ejemcntary substances. 

Jlfr#. B. No, my dear ; I mentioned bread ratiier as a familiar 
coioparison, to illustrate the idea, than as an example. 
^Ttie elementary hubstances of wbicfa a iKxJy is composed are'^ 
called the constUuenJ parts of that body ;'in decomposing- it, there-) 
fore, we separate its coostitueot parts. ; tf, on the contrary, we di-i 
fide a body by chopping it to pieces, or even by grinding or pouqd-t 
mg.it to the fioest powder, each of these small particles will still 
eoQsist of a portion of the sevcrtil constituent parts of the whole/ 
body : these ^.re called the integrar^f parls^ do you understand the > 
difierence ? 

Emil^. Yes, I think perfectly. We deeompost a body intp its 
cofu<t/ii«i/ parts ; and divide it into its integranl parts. 

•Alr«..B. Exactly so. If, therefore, a body consists of oplj one 
kind of substance, though it may be divided into its integrant parts, 
it IS not possible to decompose it. Such bodies are, the/efore, call- 
ed simple or elementarjf, as they are the elemeQts o^ which all other 
bodies are composed. Coi^poimd hQdi.et are such as consist of more 
than one of these elementary principles. - 

Caroline. But do not fire, air, earth, and wj^ter, consist, each of 
them, but of one kind of substance f 

Mrt. B. No, my dear : they are every one of them susceptible • 
of beiDg* separated into varjous simple bodies. Instead of four, 
chemists no.w reckon no less tharv ^ty-seven elementary sub- 
stancetf.*) Tiie existence of most of these is established by the 
clearest experiments ; but, in regard to a few of them, particularly 
the most subtle agents of natnre,/%efi<, Ught<t and e/ec/ricily, there 
is yet much uncertainty, and 1 can only give you the opinion which 
teems most probably deduced from the latest discoveries. After I 
liave given you a list of the elementary bodies, classed according 
to their properties, we shall proceed to examine each of them sepa* 
rately, and t^n consider them in their combinations with each 
other. 

£xcept the ^ore general agents of oaf are, heat, light, and elec- 
trioiiv, it would seen) that the simple form of bodies is that of a 
metal. > 

(paroiUne. Tou astonish me ! I thought the metals were only one 

* No actual discovery makes this probable. It is supposing that 
pH the gases, as oxygen, hydrogen, &c., as well as phosphorus, sul- - 
pb»r,aod carbon, and several other substances are in part com- 
posed of a mietal, and yet not one among this number are known to 
have metallic tbases.-^C. - 



t4. What are this constituent parts of a body ? 

$5. What are in^pgrafi^ parts of a body } 

S6. How may compound bodies be defined } 

i7. How many elen^eotary substances are there } 

18. Concerning which*three of them is there much uncertainty? 

89. How is it proposed to examine these eljeflnePtary substaqces^ 

8* 
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class of minerals, and that there were besides, eart^is, stones, rocks, 
acids, alkalies, vapours, fluids, and the whole of the animal knd 
yeretable kingdoms. 

J^r8. B, You have made a tolerably good enumeration, thougfa I 
fear not arranged . in the most scientific order. All these bodies, 
however, it is now strongly believed, may be ultimately resolved 
into metallic substances.* Your surprise at this circumstance it 
not singular, as the decomposition of some of them, which has been 
but lately accomplished, has excited the wonder of the whole philo- 
sophical world. * 

But to return to the list of s^nple bodieS'^these being usually 
found in combination with oxygem I shall class them according to 
.their properties when so combimra. This will, I tbitik, facilitate 
\their future investigation. 

Emily. Pray, wt^t is oxygen ? 
' Jlfr*. B. A simple body; at least, ope that ir supposed to be so, 
; as it has never been decomposed. /iFis always found united with 
the ne^tive electricity.. It will heme of the first of the elementa- 
ry bodies, whose properties I shall explain to you, and, as you will 
soon oerceive, it is one of the most important in nature ; but it 
woula be irrelevant to enter upon this subject at present. We 
must now confine Our attention to the enumeration and classifica- 
tion of the simple bodies in general. They may be arranged aa 
follows: 

CLA89 I. 

^Con^ehending the imponderable agents, mz : : 

f RKAT OB. CALOatC, 

'LtOHT, 
BLBCTRICITT. 

CLASS n. 

ComprekemUng agents eapdble of tmiting viih in^fiammabU 
bodies, and in most instances of effecting their combustion, 

OXrOEN, 

OBLOBINE, 

IODniB.t 



* Three of the alkalies only-are known to have metallic bases. 

f A majority of the most learned Chemists, k is believed, have 
doubted whether Chlorine and Iodine were supporters of combus- 
tion, any farther than they contain oxygen.— 0. 



:I0. With what are siniple bodies usualljr fi>und in combination f 

31. With wharare tbey always found united ? 

32. Which of the elementary substances are included id the fint 
class? 

33. What ones does the second class include ? 

34. What number <f the aikaHesare^kriOtM to have meua^ 
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CLASS m. 

Comprehending hodies capable of uniting toith oxygen, and 
forming with it various ^compounde. This class may ht 
. divided as follows : 

DIVI8Z0N 1. 

HTDBOOEN, forming water. v 

J>iinusioN2. 

> JBodics forming acids, 
iviTBOOXN, . . * firming mtric moid, \ 

sui^PHUR, . . . • firming 9u\phnrio mcid. 
.PHOSPHORUS, • • . forming phosphoric acid. / 

cARBoif, yttrmtfijT carbonic acid. 

BOHikciVM, . . . fftrming boracic acid. 
fIjUOHiuMi • • • firming fluoric acid. 
mjAiATiUM, . • . firming marialic acid* 

PIVI8ION 3. 

Metallic hodies forming alkaUes^ 
poTAssnjai, . . . ybnnin^ potash. 

soDniM, /ormtng soda. 

. AMMOiiiuM, • • • firming ammooia. 
xiTHiuM| .... firming lithina** 

DIVZ8I0N 4. 

MeiaUie hodies forming earths. 
CALCIUM, or meiolfftrming Itroe. 
MAGifiuM, . . . > firming mBgnem, f 
SAHiuM, ...... forming harytes, 

STKOKTiuM, . . • firm ng stroiititei. ' 
■iLiciuM^ . • • » . firming silex, 

itLUMiuM, firming ahimiDe. 

TTTHiUBf , . • V. • . firming y ttria. 

aLuciuM, y^rmin^ g^lucioa. 

^xtHCONiuM, • • • • firming zirooikia.f 
^HOHifiUM, • ^ . . firming thoriDa.| 



* fhis (barth alkali was discorercd by Mr. ArfandiOB, a Swtditli 
chemist, so recently as the year 1818. 

f Of an these earths, three or four only bare as yet been dis- 
tinct deoompoaed. 

X Thnfina^ a new earth diieorered b^ BeneUus in 1816, in a 
mmcralco m po oe d of flaofic acid and cenain. 
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35. WJiatooe makes the first dtrision of tiie third class ? 
36* What ones make the second division of the tbird class f 
37. What ones make the third division of the third class ? 
aS^ Wbat ones make the fourth division of the third class ? 
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DIVISION 5. 

Metals, either naturally metallic, or yielding their oxygen to 

carbon or to heat alone^ 

SUBDIVISION 1. 

Malleable. Metal$, 

: GOLD, COPPEIly 

: PI.ATINA, ;IRON, 

PALLAD1UM| LEAD, 

SILVER* filCKEL, 

MERCUAItj- ZINC, 

TIN, CADMIUM.| 

JSVBDIV. 2. 

« 

Brittle Metals. 

AiRBENTC, AI^TIMONT, 

BISMUTH, MANOANESE, 

SELBMUBffff URAAIUM, 

TELLUmUM, COLUMBIUM Of TANTAI.IUM« 

COBALT, IRIDIUM, 

TUNQSTEN, OSfTIU]^, 

MOLITBDENUM, RHODIUM, 

TITANIUM, eERlUM.II 

CHROMKs 



» These firft four metals hare commoDlj been distinguished by 
the appellatiop of perfect or noble metals, on account of their pos- 
sessing the characteristic properties of ductility, malleability, in. 
alterabiliiy, and great specific gravity, in ^n eminent degree. 

'f Mercury, in its liquid state, cannot, of course, be called a mal* 
l4 :able metal. But when frozen, it possesses ;a considerable degree 
(»f malleability. 

X A metal resembling tin ; which was di^overed in 1 8 19, in ao 
ore.of iEinc, by Mr. Stromeyer. 

♦ Selenium was discovered a few years ago by Berzelius, in the 
ferruginous pyrites of Fahlun, of Sweden. It has the metallic lua- 
tre, but it does not conduct eleetrioity, and is but a bad conductor 
of caloric. It passes to tiuS'State of oxyde and acid, so that it might 
perhaps more strictly be classed with sulphur. It may be distin* 
gttisbed by the smell of Hs vapour, which is that of horse radish. 

I These last four or ^re metallic bodies ;u« placed under this 
dass for the sake of arrangement, though some of their properties 
bave not been yet fully investigated. ' 



39. What ones make the first part of the fifth division in tb« 
third dlass ? 

40. What ones make the second part of the fifth division in th» 
second class ? 

41. Wh^ have gold, platina, palladium^ and sUver, been ctUled per- 
fttt or noble metaU ? 
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CaroHne* Oh, what a formidable list ! jou will have much to do 
to explain it, Mrs. B. ; for I assure you it is perfectly uoiatelligible 
to me, and I think rather perplexes than assists me. 

Jlfrf. B* Do not let that alarm you, my dear ; I hope that here- 
after this classification will appear quite clear, and, so far from 
perplexing you, will assist you in arranging your ideas. It would 
be in vain to attempt forming a division that would appear perfect" 
ly clear to a beginner ; for you may easily conceive that a chemi- 
cal dirision being necessarily founded on properties with which 
yonare almost wholly unacquainted, it is impossible that you should' 
at once be-able to understand its meaning or appreciate its utility. 

But, before we proceed further, it will be necessary to give you 
some idea of chemical attraction, a power on which the whole sci- 
ence depends. 

Chevniad Attraction^ or the Attraetioh of Composition^ consists in 
the peculiar tendency w4iich bodies of a different nature hare to 
unite with each other. It is by this force that all the compositions, 
and decompositions are effected. 

Emily. What is the difference between chemical attraction, and 
the attraction of cohesion, or of aggregation, which you often men- 
tioned tons, in former conrersations? 

Jlfrf. B. The attraction of cohesion exists only between particles 
of the tctme nature, whether simple or compound ; thus it unites 
the particles of a piece of metal which is a simple substance, and 
likewise the particles of a loaf of bread which is a compound. The 
attraction of composition, on the contrary, unites and maintains, in 
a state of combination, particles of a dissimifar nature ; it is this 
power that forms each of the compound particles of which bread 
consists ; and it is by the attraction of cohesion that all these par« 
tides are connected into a single mass. 

Emily. The attraction of cohesion, then, is the power which 
unites the integrant particles of a body ; the attraction of compo- 
sition that which combines the constituent particles. Is it not so ? 

Mr», B. precisely ; and observe that the attraction of cohesion 
unites particles of a similar nature, without changing their original 
properties ; the result of such an union, therefore, is a body of the 
same kind as the particles of which it is formed ; whilst the attrac- 
tion of composition, by combining particles of a dissidiilar nature, 
produces compound bodies, quite different from any of their con- 
stituents. If, for instance, I pour on the piece of copper, contain- 
ed in tbis glass, some of this liquid (which is called nitric acid,) for 
which it has a strong attraction, every particle of the copper will 
combine with a particle of acid, and together they will form a new 
body, totally different from either the copper or the acid. 



4^. Why do the divisions in chemical science appear unmeaning 
to the young student ? 

43. What is chemical attraction or the attraction of composition ? 

44. What is the difference between chemical attraction and the 
attraction of cohesion f '% 

45. What is the experiment mentioned as illustrating chemical 
attraction ? 

46. What will be the result if copper and nitric acid are put to- 
gether ? 
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Do you observe the internal commotion that already beg'ins to 
take place? It is produced bv the combinaiion of these two sub- 
staDceSf'" and yet the acid iias in this case to overcome not only the 
resistance which the strongs cohesion of (he particles of copper op- 
poses to their combination with it, but also to overcome the weight 
of the copper, which makes it sink to the bottom of the glass, and 
prevents the acid from having such free access to it as it would if 
the metal were suspended in the liquid. 

Emily. Tlie acid seems, however, to overcome both these ob- 
stacles withoul difficulty, and appears to be very rapidly dissolving 
the copper. 

J^lrs. B, By thi? means it redncos the copper into more minnte 
parts than could possibly be done by any mechanical power. But 
^ the acid can aqt only on the surface of the metal, it will be some 
time before the union of tliese two bodies will be completed. 

You may, however, already see how totally differeot this com- 
pound is from either of its ingredients. It is neither colourless, 
like the acid, nor hard, heavy, and yellow like the copper. If you 
tasted it, you would no longer perceive the sourness of the acid. 
It has at present the appearance of a bitie liquid ; but when the 
union is completed, and the wtter with which the acid is diluted, ia 
evaporated, the compound will asf^ume the form o^ regular crystals 
of a fine blue colour, and perfectly transparent. -f Of these I can 
show you a specimen, as I have prepared some for that purpose. 

Caroline. How beautiful they are, in color, form, and transpa- 
rency ! 

Em'ty. Nothing can be more striking than this example of chem- 
ical attraction. 

Mrs. B. The term attraction lias be^n lately introduced into 
chemistry as a substitute for the word affinity^ to which some chem- 
ists have objected because it ori&^inatcd in the vague notion that 
chemical combinations depended upon a certain resemblance, 
or relationship, between particles t,hat are disposed to unite ; and 

* This hardly explains the process. A part of the oxygen of the 
nitric acid unites with the copper; and in consequence of this loss 
of oxygen, the nitric acid is converted into nitroiu gas. U is the 
escape of thi*j gas through the water as it is formed that occasions 
the commotion — C 

f These crystals are more easily obtained from a mixture of sul- 
phuric with a little nitric acid. | 

J Tliese crj'stals are itf/jp/if/ of copper, or what is commonly known 
under the name of blue vitriol. — C 



47. What has the acid in this experiment to overcom.e ? 

48. On what part of a metal can the acid operate in this czperi- 
ment? 

49. What is the appearance of the compound substance thus for- 
med of qJ^por and nitric acid ? 

60. Ml the place of what term has chemical attraction been sub- 
stituted ? 

51. Who! is said in th*i note to produce the commotion when copper 
and nitric acid are put together.^ 

53. What was the objection to the term affinity f 
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this idea vnot only imperfect, but erroneous, a« it is generally 
particles m (he most dissimilar nature, tbat have the greatest tea- 
deocy to <ibmbine. 

Carftiini. Besides 4 here seems to be no advantage iu using a 7%r 
rtety of terms to express the same meaning ; on the coatrary, it 
creates confu&ion ; and as we are well acquainted with the term At- 
traction in natural philosophy, we bad belter adopt it in chemistry 
likewise. 

Jlfrt. B, If you have a clear ide^ of the meaning, I shall leave 
you at liberly to express it in the terms you prefer. For myself, 
1 confess that 1 thi k Ihe worc^^ttraction best suited to the gen- , 
eral law that unites the integrant particles of bodies; and AflSnity'. 
better adapted to that which combines tlie constituent particles as ' 
it may convey an idea of the preference which some bodies have 
for others, which the term aiiraetion of composition does not so well 
express. 

Emily, So I think ; for though that preference may not result 
from any relationship, or similitude, between the particles (as yoii 
say was once supposed,) yet as it really exists, it ought to t>e ex- 
pressed. 

Jlfr#. B* Well, let it be agreed that you may use the terms ajfin- 
Uy^ ekemieal attrition, and attraction of composition^ indifferently, 
provided you recollect that they have all the same meaning. 

Emily. I do not conceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of com- ' 
posing them is very obvious ; but that it should at the same time, 
produce exactly the contrary cfiect, appears to me very singular. - 

Mrs. B, To decompose a body is, you know, to separate its coa- 
stitQent parts, which, as we have just observed, cannot be done by 
mechanical means. 

Emily' No ; because mechanical means separate only the inte- 
grant pstrticles ; they acf merely against the attraction of cohesion, 
and only divide a compound into smaller parts. 

Mrs. B. The decomposition of a body is performed by chemical 
powers. If yon present to a body composM of two principles, a 
third, which has a greater affinity for one of them than the two- 
first have for each other, it will be decomposed, that is, its two prin- 
ciples will be separated by meanrof the third body. Let us call 
tiro iogredienls, of which the body is composed, A. and B. If we 

S resent to it another ingredient C, which has a greater affinity for 
I than that which unites A and B, it necessarily follows that B will 
quit A to combine with C. The new ingredient, therefore, has ef- 
fected « decomposition of the original body A B ; A» has been left 
alone, and a new compound B C, has been formed. 

Kwdfy, We mig^t, I think, use the comparison of two friends, 
vho were very happy in each other^s society, till a third disunited 
diem by the preference which one of them gave to the new comer. 



53. Why does Mrs. B» prefer the term affinity ? 

54. By what means cannot dteom position be effected ? 

55. How can a compound body be decomposed ? 

fi6. What illustration is given of the manner of decomposing a 
body? 
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JiStt. B. Very well. I shall noir show you how this takes place 
iQ chemistry. 

Let us suppose that we wish to decompose the compound we have 
just formed by the combination of the two int^redtents, copper and 
nitric acid ; we may do this by presenting^ (o it a piece of iron, for 
which the acid has a stronger attraction than for copper : the acid 
will, consequently, quit the copper to combine with the iroii, and 
the copper will be what the chemists call precipitated^ that is to say, 
] it will be tlirown down in its separate state, and re-appear in its 
simple form. 

In order to produce this effec^ J shall dip the blade of this knife 
into the fluid, and when I take it out, you will observe that instead 
ef being wetted with a bluish liquid, like that contained in the glass, 
it will be covered with a thin coat of copper. < 

Caroline, So it is really ! but then is it not the copper, instead 
of the acid, that has combined wiih the iron blade? 

Jlfr«. B. No ; you are deceived by appearances ; it is the acid 
which combines with the iron, and in so doing, deposites or precip- 
itates the copper on the surface of the blade. 

Etnity, But cannot three or more substances combine together, 
without any of them bemg precipitated i 

JUrs, B, That is sometimes the case ; but, io general, the stronger 
affinity destroys the weaker ; and it seldom happens that the at- 
traction of several substances for each other is so equally balanced 
as to proddte such complicated compounds.* 

Caroline, But pray, Mrs. B., what is the cause of the chemical 
attraction of bodies for each other ? It appears to me more extraor- 
dinary or unnatural, if I may use the expression, than the attraction 
of cohesion, which unites particles of a similar nature. 

Mrs. B, Chemical attraction may, like that of cohesion or grav- 
itation, be one of the powers inherent in matter, which, in our 
present state of knowledge, admits of no other satisfactory explan- 
ation than an immediate reference to a divine cause. Sir H. Da- 
vy, however, whose important discoveries have opened such im- 
proved views in chemfctry, has sugg^ested an hypothesis which may 

* Such compounds are quite numerous. They are called fn^i/e 
talts. Alum is one. It is composed of alumine, potash and sul- 
iHiuric acid. Tartar Emetic is another, it is composed of tartaric 
acid, potash and antimony.— •€. 



57. How can the substance formed of copper sgnd nitric acid be 
decomposed f 

58. Why will decomposition take place on the application of iron t 

59. What is precipitation ? 

60. If it is the acid which combines with the iron, why is the 
iron covered with a thin coat of copper in this experiment r 

61. Do more than two simple substances ever unite in forming 
the same compound ? 

63. Wkat are Much compounds called ,* 

63. What are inHances of them? 

64. What is one of the powers in addition to those mentioned by 
philosophers which may be considered as inherent in bodies ? 
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cibrow g^reaiJigbt upon that acieoce. He supposes that there are 
two kinda of eleetricitj, with one or other of which all bodies are , 
united. These we distiogaish by the names of poHtiee and nega" < 
, tiffe electricity ; those bodies are disposed tqcombioe, which pos« I 
sesB opposite electricities, as they are brought . togettier by the at- . 
traction which these electricities have for each other. But, whether ] 
this hypothesis be altogether founded on truth or not, it is impossi- ; 
ble to question the g^eat influence of electricity in .chemical com- 
binations. 

Emily. So, that we must suppose that the two electricities al- 
.wajs attract each other, and thus compel the bodies in which they 
exist to combine f* 
Caroline, And may not this be also the cause of the attraction 
.^irf* cohesion ? 

Mr$. B> No, for in particles of the same nature the same elec- 
tricities must prevail, and it is only the different or opposite elec- 
tric fluids that attract each other. 

Caroitne. These electricities seem to me to be a kind of chemi- 
cal spirit, which animates the particles of bodies, and draws them 
together. \ 

jEfmly. If it is known, then, with which of the electricities 
bodies are united, it can be inferred which will, and which will 
not, combine together ? 

Mn*B, Certainly .^I should not omit to mention, that som^ ' 
doubts haye been entertained, whether electricity be really a ma- 
' ^ terial agent, or whether it might not be a power inherent in bodies, ; 
similar to, or perhaps identical with, attraction. -^ 

* There seems to be an objection to this theory as explained here. 
When two bodies, one in the positive, the other in the negative 
KtBte of electricity are presented to each other, a mutual attraction 
t^es place, until they touch, or come within the striking distance, 
to that the electric ^uid can pas^ from the positive to the nep^tive 
Jbod^. When this is effected, they are^id to be in a state oTequi- 

"Hbnom, or in the same state of electricity, and consequently nei- 
ther attract nor repel each other. If, therefore, chemical attrac- 
tion depends on the different electrical states of the particles, we 
are still at a loss how to account for their adhesion even after they 
are united. The celebrated Kepler accounted for the affinity of 
particles by supposing each to have its likings and its antipat^iies, 

^and the power of choosing accordingly. This theory only wants 

^ottr belief to make it satisfectory. — C. 



65. How maoy kinds of electricity are there, and what are they 
called ? 

66. What does Mrs. B. think has a great influence in effecting 
. chemical combinations ? 

67. What i» said of p^irieUy in the note .^ 

68. What difficulty arises if we suppose chemical attraction to 
depend upon the diffei-ent electrical states of the particles ? 

69. How does Kepler account for the affinity of particles ? 

70. What doubts does Mrs. B. mention as having been enter- 
^tained concerning elepiyricity f 

3 
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Emily » But what, then, would be the <Blectric spark which is 
visible, and must, thercforei be really material ? 

JJrs, B. What we call the electric sparJc, may, Sir H. Davy 
says, be merely the heat aud light, or fire produced by the chemical 
combinations with which these phenomena are always connected. 
We will not, bowerer, enter more fulW on this important subject 
at present, but reserve the principal facts which relate to it to a 
future conversation. 

Before we part, however, I must recommend you to fix in your 
memory the names of tlie simj>le bodies against our next interview. 



CONVERSATION H. 

ON LIGHT AND HEAT, OB CALORIC. 

t 

VaroHne. We have learned by heart the names of all the simple 
bodies which you have enumerated, and we are now ready to enter 
on tiie examination of each of them successively. You will begin, 
l suppose, with light ? 

Mrs. JB. Respecting^ifae nature of light we have little mote thaa 
conjectures, it is considered by most philosophers as a real sub- 
stance immediately emanating from the sun, and from all luminous 
bodi^, from whicn.4t>is projected in right lines with prodigious ve- 
locity. Light, however, being imponderable, it cannot be confined 
and examined by itself; and,' therefore, it is to the effects it pro- 
duces, on other bodies, rather than to its immediate nature, that>.we 
must direct our attention. 

The connexion between light and heat is very obvious ; inde^, 
it is such^ that it is extremely difficult to examine the one inde- 
pendently of the other. 

Emily* But, is it possible to separate light from heat ? 1 thought 
they were only different degrees of the same thing, fire. 

Jdrs, B, I told you that fire was not now considered 'as a simple 
element. Whether light and heat be altogether different agents, or 
not, I cannot pretend vto decide; but, in many oases, light mav be 
separated from heat. The first discovery of this was made by a 
celebrated Swedish chemist, Sch^ele. Another very striking illus- 
tration of the separation of heat iand light was long after pointed 
out by Dr. Herschetl. This philosopher discovered that these two 
agents were' emitted in tlie rays of the sun, and the heat was less 



71. If electricity is a power inherent in bodies, what would the 
electric spark be which .is visible, and therefore, roust be reaUy 
material ? 

^t. What do most philoeophersoonsider light ? 

73^ With what is light obviously connected ? 

74. Can light and heat be separated ? 

75. Who first discovered that they are n6t inseparably conneot- 
cd? 
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Kfruiffible than %ht ;. for, in separating^ tbe different coloured 
rays of li^ht by a prisoi, (v» we did some time a^,) be found tbat 
tbe gpreatest beat was beyond tbe spectri/m, at a little distance from ^ 
tbe red rays, wbicb, you may recollect, are tbe least refrangible. ; 

Emily. I sbould live to. try tbat experiment. \ 

JIf rt. B. It is by no means an easy one : tbe beat of a rar of 
ligbt, refracted by a prism, is so small, tbat it requires a xery deli- 
cate tbeimometer to distio^isb tbe difference of tbe degree of heat' 
witbin and without tbe spectrum. For in this experiment, the heat • 
is not totally separated from tbe light, each coloured ray retaining 
a certain portion of it, though the greatest part is net sufficiently 
refracted to fall within the spectrum. 

Emily. I suppose, then, that those coloured rays which ar^ tbe 
least refrangible, retain the greatest quantity of beat f 

Xr». B, They do so. 

Emily. Though I no longer doubt that ligbt and bejit can be 

S>arated, Dr. Herschell's experiment does not appear to me to 
brd sufficient proof that they are essentially different ; for light, ' 
ifbicb you call a simple body, may likewise be divided into tbe 
Tarioas coloured rars.. 

•^ri. B. No douot there must be some difference in the yarious 
coloured rays. Even, their chemical powers are different. The 
blue rays for instance,^ hare tbe greatest effect in separating oxy- > 
gen from bodies, as was found, by Scbeele ; and there exists also, 
as Dr. Wollaston has shown, rays more refrangible than the blue, 
which produce the same chemical effect, and, what is yery re< 
narkable, are invisible.* 

Emily. Do yon think it possible tbat beat may be merely a modi- 
fication of ligbt i 

Mrt. B. That is a supposition which, in the present state of 
natural philosophy, can neither be positively affirmed nor denied. 
Let us, therefore, instead of discussing theoretical points, be con- 
tented with examining what is known respecting tbe chemical 
efiects of light. 

Light is capable of entering into a kind of transitory union with 
certain substances, and this is what has been called phosphores- 
cence. Bodies tbat are possessed of this property, after being ex- - 
posed to. the sun's rays, appear luminous in the dark. The shells 
of fish, the bones of land animals, marble, limestone, and a variety \ 
of dbmbinations of earths, are more or less powerfully phosphor^so 
cent. 



* Tbe violet rays have tbe power of imparting the magnetic vir- 



76. How can they be se'parated ? 

77. Which of the coloured rays refracted by a prism, retain tbe 
greatest quantity of heat ^ 

78. What effect have the blue rays on bodies f 

79. What power have the violet rays a* mentioned in the note ? 

80. In what does the process consist ? 

81. Is light capable of a union with other substances ? 
82.^ What is this union called ? 

83. With what substances does this union* mostly take place, in 
the production of pbospboresceuce ? 
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CaroUne. I remember beings macl^ sarprised last' summer wit6' 
the phospborescent appearance of some pieces of rotten wood| 
whicn bad just been dug out of the ground ; they shone so bright 
that I at first supposed them to be glow-worms. 

Emily, And is not the light of a glow-worm of a phosphom- 
cent nature ? ' ^ - 

Jtfrf. S, It is a very remarkable instance of phosphorescence in 
liying animals ; this property, howerer, is not ezclusiTelj possess- 
ed by the glow-worm. The insect called the lanthom-ny, which 
is peculiar to warm climates, emits lig^t as it flies, producing in 
the dark a remarkably sparkling appearance. But it is more com- 
mon to see animal matter in a desui state possessed of a phoephoTM-- 
cent quality ; sea-fish is' often eminently so.* 

Emily, I am rather surprised, Mrs. B., that you should hay^^aid 
80 much of the light emitted by pfiMphorescent bodies, without 
taking any notice of that which is produced by burning bodies. 

JIfrf B, The li^t emitted by the latter is so intimately connect- 
ed with the chemical history of combustion, that I niust defer alt 
explanation of it till we com.e to the examination of that process^ 
which is one of the most interesting in chemicaf science. 

Emily. 1 haye heard that the sea has sometimes had the appear- 
ance of being illuminated, and that the light is supposed to proceed 
from t^e spawn of fishes floating on its surface. 

Mrs, B, This light is probably owing to that or some other ani- 
mal matter. Sea water has been obserred to become luminous 
from the substance of a fresh herring having been immersed in it ; 
and certain insects, of the Medusa Kind, are known to produoft 
similar efiects. 

But the strongest phosphorescence is produeed by chemical com- 
positions prepared for the purpose, the most common of which coo- 
sists of oyster-shells and sulphur, and is known by the name of 
Canton's rhosphorus.f 

tue to steeL The process consists in intercepting all the nys ei^ 
cept this, and of throwing this, being first collected into a focus by 
a lens, on the middle of a needle, and carrying it towards the ex- 
tremity. This is to be done many times, and always towards the 
same extremity. After a while the needle acquires polarity. — C. 

* The phosphorescence of dead animals is owing to the escape ot 
phosphorus in the form of photphoretted hydrogen. This is set free 
from its combination with the substance of the animal by the putre- 
factive fermentation. — C. 

t To prepare this, mix three parts of oyster-shells calcined for ah 
hour and pulverized with one part of sulphur. This is to be rammed 
into a crucible, which is to be kept at a red heat for one hour. On 



84. What remarkable instances of phosphorescence in living aol- 
mals are mentioned? 

85. 7\) what %M the phtuphoreteenee of dead animaJU owing f 

86. How it it freed from it* combination wiii the aubetanee (f th» 
animal ? 

87. What is the strongest phosphorescence, or bow is it pro- 
duced ? 

88. How it this tubttanee prepared f 
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Liigpbt is an agept capable of producing yarions chemical chani^^s. - 
It M easenlial to the welfare both of the aDimal and vegetable king- 
doms ; for men and plants grow pale aod sickly if deprived of its 
salutary influence. It is likewise remarkable for its property of / 
destroying colour, which renders it .of great consequence in the , 
process of bleaching. 

Emiljf. Is it not singular that light, which in studying optics we^ 
were taught to consider as the source and ongiaof colours, should/ 
haTe also the power of destroying them P ' 

Caroline. It is a fact, however, which we every day experience ; 
yon know how it fades the colours of linens and silks. 

Kmily. Certainly. And 1 recollect ^hat endive is made to grow 
white instead of green, by being covered up so as to exclude the 
fight. But by what means does light produce these effects ? 

JVrs. B. lliis I cannot attempt to explain to you until yp\k bav0 
obtained a further knowledge of chemistry^. As the chemical pro- 
perties of light can be accounted for only in their reference to com- 
pound bodies, it would be useless to detun you any longer on thia 
•abject ; we ma^, therefore, pass on to the examination of heat, or 
caloric, with which we are somewhat better acouainted. 

Heat and Light may be always distinguisned by the different / 
sensations they produce. Light effects the sense of sight ; Calorie \ 
that of feeling ; the one produces Vision^ the other the sfsnsation of - 
HeaU 

Caloric is found to exist in a variety of forms or modifications, 
and I think it will be best to consider it under the two following 
beads, viz : 

1. Free or radiant caloric. 

3, Combined caloric. 

Th^ first, TREE or radiant cAftORic, is also called heat or 
TEMPERATURE ; it Comprehends all heat which is perceptible to 
the senses, and affects the thermometer. 

JSfMi^. Yon mean, such as the heat of the son, of fire, of candles, 
of stoves ; in short, of everv thing that bums ? 

Jtfrt. B. And likewise of things that do not bum, as, for instance, 
the warmth of the body ; in a word, all heat that is untibU^ what- 
ever mav be its deg7*ee, or the source from which it is derived. 

GBTs/tfie. What, then, are the other modifications of caloric .' It 

exposing some of this to the sun's rays, it absorbs light, and'wiU 
shine in the dark. This shows that light can be separated from 
beat— C. ' 



89. WhoA d(M thii experimieiU VfWt f 

90. To what is light essential, and what remarkable property 
has it > 

91. What do optics teach ns to consider the source and origin oC 
ooloars } 

99. How may light and heat always be distinguished f 
93l Under what two heads is caloric considered f 

8* 
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most be a strange kind of beat that cannot be peroeiTed by onr 
senses. 

Mn. B. None of the modifications of caloric shonid properiy be 
[ called heat f for beat, strictly speaking, is the sensation produced 
; by caloric, on animated bodies ; this word, therefore, in the accu- 
rate language of scieoce, should be confined to express the sensa- 
tion* But custom has adapted it likewise, to inanimate matter, and 
we say the heat of an ooeny the heat of the tun, without any reference 
to the sensation which they are capable of exciting. 

It was id order to avoid the confusion, which arose from thus con- 
founding the cause and effect, that modern chemists adopted the 
. new word ealoricy to denote the principle which produces heat ; yet 
' they do not always, in compliance with their own language, limit 
) the word heat to the expression of the sensation, since Aiey still 
' freijuently employ it in reference to the other modifications of ca- 
loric which are quite independent of sensation.* 

Caroline, ^ut you hare not yet explained to us what these other 
modifications of caloric are. 

Jtfrf. B, Because you are not acquainted with the properties of 
free caloric, and you know that we have agreed to proceed wifli 
regularity. 

One of the most remarkable properties of free caloric is its power 
of dilating bodies. This fluid is so extremely subtle, that it enters 
and pervades all bodies whatever, forces itself between their parti- 
cles, and not only separates them, but frequently drives them asun- 
der to a considerable distance from each other. It ik thus that 
caloric dilates or expands a body so as to make it occupy a g^reater 
space than it did before. 

Emily. The effect it has on bodies, therefore, is directly contraiy 
to that of the attraction of cohesion ; the one draws the particles 
together, the other drives them, asunder. 

Jlfrt . B. Precisely. There is a continual struggle between the 
attraction of aggregation^ and the expansive power of caloric ; 
and from the action of these two opposite forces, result all the va- 
rious forms of matter, or degrees of consistence, from the solid to 
^ \ the liquid and aeriform state. And, accordingly, we find that most 
' bodies are capable of passing from one of these forms to the other, 

/ <* If 1 touch a body at a higher temperature than diy band, I im- 
mediately receive a quantity of caloric from it, and at the same 
instant feel the sensation called beat. The caloric then U the 
cause of this sensation, and heat the effect of caloric pftsiing into 
my hand. — C. 
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94. What is free or radiant caloric ? '*^ 

1*6. What is heat, strictly speaking ? - 

96. What is the difference between caloric and heat, atf the termi 
are used by chemists ? 

97. ffltat iUtutration of this it given in the note ? 

98. What is one of the most remarkable properties of free tsa« 
loric ? 

9d. What two forces are in direct opposition to each other .' 
100. From what result all the various forms of matteri or degrees 



of consistence in bodies ? 
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merely in conie^taenae of their receiving different quantities of 
caloric. 

Carolint, That is yery furious ; but I think I understand the 
reason of it. If a great quantity of caloric is added to a solid body, 
it introduces itself between the particles in such a manner as to 
orercome, in a considerable degree, the attraction of cobesioo ; 
and the body, from a solid, is then coovertcMl into a fluid; 

Mrt. B' This is the case whenerer a body is Aised or melted ( but 
if you add caloric to a liquid, can yon tell me whalis the ooQieqveoce ? 

Caroiine* The caloric forces itself in greater abttOdance between 
the particles of the fluid, and drives them to suoh a distaooe from 
each other, that their attraction of aggregation it whol^ destfoy* 
ed ; the liquid is then transformed into vapour. 

Jtfrs. B, Very #ell ; and this is precisely the case with boiling 
water, when it is converted into steam or vapour, and with all bod* 
ies thai assume an aeriform state. 

Ennify. 1 do not well understand the word aeriform. 

Jlfr#. B. Any elastic fluid whatever ; whether it be merely va-* 
pour or permanent air, is called aeriform. 

Bat each of these various slates, solid, liquid, and aeriform^ ad^ 
mit of different degrees of density, or consistence, still ansing , 
(chiefly at least) from the different quantities of caloric the bodies 
contain. Solids are of varipus degrees of density, from that of 
gold, to that of a thin jelly. Liquids, from the consistence of wm^U 
ed KJVLe^ or melted metals, to that of ether, whtoh is the lightest of 
all liquids. The different elastic fluids (with which vou are not yet 
acquainted) are susceptible of no less variety in their d e i^r e es of 
density. 

. Emtfy. But does not everv individual body also admit of diifiwunt 
degrees of consistence, without changing its state ? 

Jkfrf. jB. Undoubtedly ; and this I can immediately show you by 
a very simple experiment. This piece of iron now exactly ntt m 
frame, or nng, made to receive it; but if heated red hot, it will no 
longer do so, for its dimensions will be so much increased br tha 
caloric that has penetrated into it, that it will be much toe'laige 
for the frame. 

The iron is now red hot ; by applying it to the framet we aball 
see how much it is dilated. 

Emily. Considerabl;^ so indeed ! 1 knew that heat had this eflecl 
on bodies, but did not imagine that it could be made so conspieaoas* 
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101. What causes bodies to pass from one of these forms to^ 
other? 

102. How would vou explain the manner in which a solid keon* 
verted into a liquid ? 

103. If we add caloric to a liquid, what is the consequence .* 

104. What is meant by the word aeriform ? 

105. From what do the different degrees of density or consist* 
eMie arise? 

106. Which is the lightest of all liquids ? 

107. Are the elastic fluids susceptible of various d^^rees of den* 

10e« Do bodies admit of different degrees of consistence witboul 
changing their state ? 
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Jdr».'B. By meant of this instnimeDt (called a Pyrometer) we 
may estimate, in the most exact manner, the varioos dilatations of 
any solid body by heat. The body we are now going to submit to 
trial is this small iron bar; I fix it to this apparatus, and then 

Fig. 1. Pyrometer. 




A Jl, Btf of W«lid. 19 3, LaBpa bnnuBr. B B, Wlml work. C, Znduu 

beat it by lightitig the three lamps beneath it ; when the bar ex* 
pands, it increases in length as well as thickness; and, as one end 
communicates with this wheel work, whilst the other end is fixed 
and immoTeable, no sooner does it begin to dilate than it presses 
against the wheel work, and sets in motion the index, which points 
out the degrees of dilatation on the dial-plate. 
. Emily. This is, indeed, a very curious instrument ; but I do not 
vndwstand the use of the wheels ; would it not be more simple, 
and answer the purpose equally well, if the bar in dilating, p ress e d 
against the index, and put it in motion without the interrention of 
tfis wheels ? 

JIfn. B. The use of the wheels is merely to multiply the motion, 
and therefore render the effect of the caloric more odtious : for if 
the index moved no more than the bar increased in length, its mo- 
tion would scarcely be perceptible ; but by means of the wheels 
it moves in a much greater proportion, which therefore renders the 
variations far more conspicuous. 

By submitting different bodies to the test of the pyrometer* it is 
found that they are far from dilating in the same proportion. Di^ 
ferent metals expand in different degrees, and other kinds of solid 
bodies yary still more in this respect. But this different suscepti* 
bilitj of dilatation is still more remarkable in fluids than in solid 
bodies as I shall show you. . I have here two glass tubes, terminated 
at one end by large bulbs. We shall fill the bulbs, the one with 



109. What experiment prores that they do ? 

1 10. What is the use of the Pyrometer? 

111. How would you explain figure 1 \ 

\\% What is the use of wheels in ihis instrument ? 

1 13. Does caloric expand all bodies in the same degree ? 

1 14. Which are inost susceptible of dilatation, fluids or solids f 
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flpml of wiD«, Ow other wkh water. I hare colored both liquids* 
m order that the effect may be more compiciious. The spirit of 
#iBe, yoo tee, dilates by the warmth of my hatfd as I hold the bulb.* 
£m%. It dertaJDly does, for Fsee it is rising into the tube. But 
water it aeens, is not so easily efeeted by heat ; for scarcely any 
'obani^e it produoed on it by the warmth of the hand. 

^8' 2* Mrs B. True ; we shall now plunge 

the bulbs iilto hot water, and you wdl 
see both ticjuids rise in the tubes ; but the 
spirit of wine will ascend highest. 

CaroHne, How rapidly it expands I 
Now it has near^f reached the tube; 
though the water has hardly begun to 
rise. 

Emitiff The water now begins to dilate. 
Are not these glass tubes, with Kqnidi 
rising within them, very like thermome- 
ters ? 

Mn, B, A thermometer is construct- 
ed exactly on the same principle, and' 
these tubes require only a scale to an- 
swer the purpose of thermometers ; buf 
they would be rather awkward in their 
dimensions. The tubes and bulbs of 
thermometers, though of various sizes, 
are in general much smafler than these ; 
the tnl^ too, is hermeticallyf closed, and 
Nthe air excluded^ ftpom it. The Mif 
most generally used in thermometers, is 

A A. GiM-uib.. B B. Gu..« of J?®'^"''?' ,?'*'"'"°5'y called quicksilver, 
water in whitfEtii^ an tmmened. tbc Qilatations and cootractions of which 

correspond more exactly to the additions 
and 8nbffiiCti<^s of caloric, than those of any other fluid. 

Caroliriei Yet 1 have often seen coloured spirit of win^ used in 
thermometers. 

Mrs. J§. The expansions and contractions of that liquid are not 
quite so uniform as those of mercury ; but in cases in which it is 

* To the absence of glass tubes terminated by bulbs, procure a 
pair of tin canisters, three inches high and two wide, soldered up all 
round. In the middle of the top of each, have inserted a circular 
tin spout, and into these cement glass tubes about twelve inches 
high'. These will answer ever^ purpose. — C. 

f The tube is closed by holdmg the end over a spirit lamp until 
the glass is melted. This word is derived from Hermesi the Greek 
name for mercury. He is said to have been the inventor of chem* 
isti^ ; hence this is sometimes called the Hermetic art and hermet- 
ically, or chemically closed, is closed by heat or melting. — C. 




115. What is the object of figure 2 ? 

116. What fluid is generally used in thermometers? 

117. How do the expansions and contractions of the spirits of 
wine compare with those of mercury ^ 
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not requisite to aacertaia the temperatare with great precisioo, 
spirit of wine will answer the purpose eoually w«ll, and indeed in 
some respects better, as the expansion of the latter is g'reater, and 
therefore more conspicuous. This fluid is used likewisein situationa 
and experiments in which mercury would be frozen ; for mercury 
becomes a solid body, like a piece of I^ or any other metal^ at 
a certain degree of cold; but no degree of cold has ever been 
known tq freeze spirit of wine.* 

A thermometer, therefore, consists of a tube with a bulb, such as 
you see here, containing a fluid whose degrees of dilatation and 

contraction are indicated by a scale ta which the tube is fixed 

The degree which indicates the boiling point, simply means that 
when the fluid is sufficiently dilated to rise to this point, the heat is 
such that water exposed to the same temperature will boil. When 
on the other hand, the fluid is so much condensed as to sink to the 
^ezing point, we know that water will freeze at that temperature. 
The extreme points of the scales are not the same in all thermome- 
ters, nor are the degrees always divided in the same manner. In 
different countries philosophers have chosen to adopt diflerent 
scales and divisions. The two thermometers most used are those 
of Fahrenheit, and of Reaumur ; the first is generally preferred by 
the English, the latter by the French. 

Emily. The variety of scale must be very inconvenient, and I 
should think liable to occasion confusion, when French and Eng- 
lish experiments are compared. 

Jtfr*. B, The inconvenience is but very trifling, because the dif- 
ferent gradations of the scales do not effect the principle upon 
f^hich thermometers are constructed; When we know, for in^ 
stance, that Fahrenheit's scaleis divided into 212 degrees, in which 
32° corresponds with the freezing point, and 2 1 2^ with the point of 
boiling water ; and that Reaumur's is divided only into 80 degrees, 
in which 0° denotes the freezing point, and 80° that of boiling 
water, it is easy to compare the two scales together, and reduce 
the one into the other. But, for greater convenience, thermome- 
ters are sometimes constructed with both these scales : one on 
either side of the tube ; so that the correspondence of the different 
degrees of the two scales is thus instantly seen. Here is one of 
these scales, fFig. 3, see next page,) by which you can at once per-^ 
ceive that each degree of Reaumur's corresponds to 2 1-4 of Fah- 
renheit's division. But 1 believe the French have, of late, given 
the preference to what they call the centigrade scale, in which the 
space between the freezing and the boiling point is divided into 100 
degrees. 

* Spirit of wine is stated to have been frozen in England by some 
process which the author has preferred to keep secret. — C. 
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When is spirit of wine used ? 

' ^^* S?^ would you describe a thermometer ? 

1 1 9. What two thermometers are mostly used 2 

120. How are they graduated ? 

121. What is the temperature of boiling water ? 

122. To what scale have the French been said to have preference ? 



Canlint. Thit aeemi to ma 
the moat reason able dtTuioa, 
nd loanoolyaeas whythe freez- 
tg point ia -called 33", or what 
idvanta^e is derivad from it. 

Mrt.B. There really it do 
tdranlag'e io it ; And it originat- 
k1 ID a mistakeo opioioa of the 
Ditra men t- maker, Fahrenheit, 
rho first ooDstmclcd theie^ber* 
nometen. H« mixad eqow and 
lalt togelber, and produced br 
.hat meaoB a degree of cold 
vbjch he concludad vas thegreat- 
Ht pouibte, and therefore mada 
lia KiaJs begin from that poiuL 
Betireen that and boiling water 
ae made 313 degree*, and tba 
^^ezine puDt wu foaod to bo 
»t320. 

Emify. Are spirit of wine, and 
nercurj, the onlj liquids uaed 
in Ibe oonstractioD of thennom- 
elera? 

JHn. B. I balieTe thef are tba 
odIj liquids now in Dae, Ibon^ 
soma others, soch u liuseed oil, 
would make tolerable tbennom- 
eten i but for experiments in 
which a rery quick and delicala 
lest of the change* of tempera- 
ture ia required, air is the fluid 
Bocnetimes employed. The bnlb 
of air IbermDineters is filled with 
GomtooD-air only, and iti eipan- 
tioD and contraction are indicat- 
ed br a small drop of any col- 
oured liqaor, which is anapeoded 
within the tube, and moves u^ 
and down, according aa the air 
withmtbe bulb nnd tube expands 
•or coDtraoU. But in g«nera], 
air tbennotneters, however sen- 
sible to changes of temperature, 
are by no means accurate in 
their indication*- 

ir thermonieterof a tmj peculiar 
y welt adapted (br tome ebemioal 



133. Why was the fleering point io Fahreoheit'i thermometer 
£ud at 32 degreea? 

IM. HoW'areairthermometanconstnictedf 
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•xperimeiiis, as it is eq«a8y delicate and accurate in its indica- 
tions.* 

rfc.-ir T-'^'^rt Caroline. Il looks like a double tbermom- 

O^erttaiai^iemam. ^^^ reversed, the tube being bent, and hay- 
^^^* m% a large bulb at each of its estremities. 

©/^"^ Emily, Why do you call it an air thermom- 
(S) eter ; the tube 4)ontain8 a colored liquid ? 
^»^ Mr9. B, But obsenre that the bulbs are- 
filled with air, the liquid being confined to 
a portion of the tube, and answering only 
the purpose of showing, by its motion in the 
tube, the comparative dilatation or contrac- 
tion of the air within the bulbs, which afford 
an indication of their relative temperature. 
Thus if vou heat the bulb A, by the warmth 
of your hand, the fluid will rise towards the 
bulb B, and the contrary will happen if you 
reverse the experiment. 

But if, on the contrary, both tubes are of 
the same temperature, as is the case now, the 
colored liquid, suffering an eoual pressure 
on each side, no change of level takes place. 
Caroline* This instrument appears, indeed, 
uncommonly delicate. The fluid is set in 
mo^on by the mere approach of my hand. 

Jtfrt . 6. Ton must otiserve, however, that 
this thermometer cannot indicate the tem- 
perature of any particular body, or of the 
medium in which it is immersed ; it serres only to point out the dif- 
fermce of temperature between the two bulbs, when placed under 
different circumstanoet. For this reason it has been colled differ- 
^fOiai. thermometer. Ton will see hereafter to what particular 
purposes this instrument applies. 

Emily. But do common thermometers indicaite the>Bxact quao- 
titj of caloric contained either in the atfuospbete, er in any body 
vWith which they are in contact ff 

■ * students iB..chemisU7 may amuse themselves with air ther- 
•HBometers of their own construction. Procure .a flat vial or ink- 
stand with a wide month \ also, a broken Ihermometer tube, the 
bulb being entire. Fit a cork airtight to the vial, and pierce it 
in the middle wjth a hot iron ta-admit the tube. Fill the viai about 
half full of some colored liquid. Warm the bulb lof the tube by 
holdiae it in the hand, and in this state introduce the small end 
throni^ the cork nearly 4lo<the bottom of. the vial. The hand be- 
ing removed from the bulb, the fluid will rise in the tube. The flu- 
id will afterwards rise or fall as heat is applied to the vial or bulb. 

f The thermometer indicates the exact quantity of free caloric. 




IS5. Whai it taidof air thermometers in the note ? 

126. Which figure represents an air thermometer ? 

127. Why has the air.,thermo9ie^r been, called tl^e di^erential 
^lliemiomfiter ? 






nuuB ciitOBio. 87 

Mn, B. No : fintf became there are other mofliflaationt of oa* / 
loric which do not affiact the thermometer ; aod, secondly, beoaafts/ 
the temperatare of a body, as indicated bj the thermometer, ii | 
ooly relative. When, for instance, tbe thermometer remains sta-/ 
tionary at the freezing point, we know that the atmosphere, (otl 
raedinm in which it is placed, whatever it may be) is as cold as J 
freezing water ; and woen it stands at the boiling point, we know . 
that this mediam is as hot as boiling water ; but we do not know( 
the positive quantity of heat contained either in freezing or boiling/ 
water, any more than we know the real extremes of heat and cold ;^ 
and consequently we cannot determine that of the body in which 
the thermometer is placed. 

Caroline. I do not qnite understand this explanation 

JUrs B. Liet us compare a thermometer to a well, in which the 
water rises to different heights, according as it is more or less sup-* 
plied by the spring which feeds it ; if the depth of the well is nn- 
fathomable, it must be impossible to know the absolute quantity of 
water it contains ; yet we can with the greatest accuracy measure 
the number of feet the water has risen or (alien in the well at any 
time, aud consequently know the precise quantity of its increase 
or diminution, without having the least knowledge of the whole 
quantity of water it contains."' 

Caroline. Now i comprehend it very well ; nothing appears to 
me to explain a thing so clear as a comparison. 

Emily. But will thermometers bear any degree of heat ? 

Jtfrf . B. No ; for if the temperature were much above the high- 
est degree marked on the scale of the thermometer, the mercnry 
wonld bilrst the tube in an attempt to ascend. And at any rate, 
no thermometer can be applied to temperatures higher than the 
boiling point of the liquid used in its construction, mr the steam-, 
cm the liquid banning to boil, would burst the tube. In furna- 
ces, or whenever any very high temperature is to be measured, a 

present at the time and place of the experiment. Thus if a cer- 
tain quantity of heat is required to raise the mercury 20°, double 
this quantity will raise it to 40°. All bodies contain a quantity of 
heat not appreciable by the thermometer, or sensible to the touch. 
This is cviled fixed or latent beat. This can sometimes be set free, 
as when we hammer a piece of cold iron it becomes hot. Thus 
the latent caloric is squeezed out of the iron by the contraction of 
its pores nnder the hammer, and it then becomes free caloric. --C. 

^ This passage may be expounded as follows. The unfathoma- 
ble depth of the well signifies the absolute quantity of caloric, 
and which the thermometer does not measure ; because all bodies 



128. Do common thermometers indicate the exact quantity of 
caloric contained either in the atmosphere, or in any body, with-- 
which they come in contact I 

129. Why do they not .f* 

130. What comparison is made between a well and a thermom- 
ler ? 

131. Why might not thermometers be applied to temperatures 
higher than the boiling point of the liquid used in their construc- 
tion ? 

4 
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pyrometer, iovented by Wedg^wood, is used for tbat purpose. It 
is made of a certain compositioo of baked clay, wbich bas tbe pe- 
culiar property of contracting by heat, so tbat tbe degree of con- 
traction ot this substance indicates tbe temperature to which it has 
been exposed. 

Emily But is it possible for a bddy to contract by beat ? 1 thought 
, that heat dilated aU bodies wbateyer. 

J^rt B, This is not an exception to the rule. You must recol- 
lect that the bulk of the clay is not compared, whilst hot, with that 
which it has when cold ; but it is from tbe change which the claj 
has undergone by having been heated, that the indications of this 
instrument are deriyed. This change consists in a beginning fu- 
sion, which tends to unite the particle» of clay more closely, thus 
rendering it less pervious or spungy.* 

. Clay is to be considered as a spuney body, abounding in inter- 
stices or pores, from its having contained water when soft. These 
interstices are by heat lessened, and would by extreme heat be en- 
tirely obliterated. 

Caroline. And how do you ascertain the degrees of contraction 
of Wedgwood*s pyrometer ? 

Mrt. B. The dimensions of the piece of clay are measured by a 
scale graduated on the side of a tapered groove, formed in a brass 
ruler ; tbe more the clay is contracted by the heat, the further it 
will descend into the narrow part of the tube. 

Before we quit the subject of expansion, 1 must observe to you, 
that, as li(||uids expand more readily than solids, so elastic fluids, 
frhether air or vapour, are tbe most expansible of all bodies. 

It may appear extraordinary, that all elastic fluids whatever, un- 
dergo the same degree of expansion from equal argumentation of 
temperature. 

Emily » I suppose, then, that all elastic fluids are of the same den- 
sity. 

J^r$. B. Very far from it ; they vary in density, more than ei- 
ther liquids or solids. The uniformity of their expansibility, which 
at first may appear singular, is, however, readily accounted for. 
For if the different susceptibilities of expansion of bodies arise 
from their various degrees of attraction of cohesion, no such dif- 

however cold, still contain caloric. Thus mercury freezes at 40° 
below zero, but still contains caloric, and so on. The rising and 
falling of the water signifies the greater or less quantity of free ca- 
loric as indicated by toe thermometer. — C. 

* According to the calculations of Saussure, the temperature 
pecessary to melt this clay is 1575° Wedgwood, which is a degree 
of heat greatly beyond our common furnaces. It is therefore most 
probable that the clay contracts at lower temperatures by the loss 
of moisture. — C. 



332. Do all bodiei however cold contain caloric ? 

}^« In what manner is it that cla]^ Oftpeara to contract by beat ? 

134. What bodies are most expansible ^ 
• 13&. Are all elastic fluids equally expanded from equal augmen- 
CiiLtibns of temperature ? , 
' 136. Are all elastic fluids of the same density ? 
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ference can be expected in elastic finids, since in these the attrac- 
tion of cohesion does not exist, their particles beings on the contrary 
possessed of an elastic or repulsire power ; they will therefore all 
be equally expanded by equal degrees of caloric. 

EnUiy, True ; as there is do power opposed to the ezpapsiFe f 
force of caloric in elastic bodies, its effect must be the same in all i 
of them- • 

Mrs, B. Let us now proceed to examine the other properties of 
free caloric. 

Free caloric always lends to diffuse itself equally ; that is to say, ' 
when two bodies are of different temperatures, the warmer gradu- 
ally parts with its heat to the colder, till they are both brought to > 
the same temperature. Thus, when a thermometer is appli^ toa '. 
hot body, it receives caloric ; when to a cold one, it commuicates .' 
part of its own caloric, and this commuuication continues until the \ 
thermometer and the body arrive at the same temperature. 

Enuly, C'old, then, is nothing but a negative quality, simply im- 
ply mg the absence of heat- 

Jlir», B. Not the total absence, but a diminution of heat ; for we 
know of no body in which some caloric may not He discovered. 

Caroline. But when I lay my hand on this marble table, I feel f 
it ^nCf've/^ cold . and cannot conceive that there is any caloric in ., 
it. 

Mrs, B. The cold you experience consists in the loss of caloric 
that your hand sustains in an attempt to bring its temperature to 
an equilibrium with the marble. If you lay a piece of ice upon it, 
you will find that a contrary effect will take place ; the ice will be 
melted by the heat it abstracts from the marble. 

Camline. Is it not in this case the air of the room, which being 
warmer than the marble, melts the ice ^ 

Mrs, B. The air certainly acts on the surface which is exposed 
to it, but the table melts that part with which it is in contact. 

Caroline* But why does caloric tend to an equilibrium ? It can- 
not be on the same principle as other fluids, since it has no weight f 

Jlfr«. B. Very true, Caroline, that is an excellent objection. 
You might also, with some propriety, object to the term eouilibri'- 
wn beiog applied to a body that is without weight : but I know of 
no expression that would explain my meaning so well. Ton must 
consider it, however, in a figurative rather than a literal sense : its 
strict meaning is an equal diffusion. We cannot, indeed, well say 
by what power it diffuses itself equally, though it is not surprising 
that it should go from the parts which have the most to those which 
have the least The subject is best explained by a theory sugges- 



X37. How then can their uniformity of expansibility be account- 
ed for r 

138- How does caloric tend to diffuse itself ? 
139. How is this illustrated by a thermometer ? 
140 What is cold .^ 

141. Do we know of any substance in which some caloric may 
not be found ? 

142. Why do some bodies feel cold if we lay our hand upon them? 

143. What objection is there to the term eqnilibriam, when 
speaking of the equal diffusion of caloric ? 



40 FBES CALOBZC. 

ted by ProfeeBorPrerost of Geneya, which is uow,l believe, gen- 
erally adopted. 

< AccordiDg* to this theory caJoric is composed of particles per- 
fectly separate from each other, every one of which moves with a 
frapid velocity in a certaio direction. These direction^ vary as much 
ks imagination can conceive, the result of which is, that there are 
/rays or lines of these particles mo?iqg with immense velocity in 
]every possible direction. Caloric is thus universally diffused, so 
that when any portion of space happens to be in the neighbourhood 
• of another, which coitain^ more caloric, the colder portion re- 
>ceive8 a quantity of calorific rays from the latter, sufficient to re- 
store an equilibrium of temperature. This radiation does not only 
take place in free space, but extends also to bodies of every kind.^ 
Thus you may suppose all bodies whatever, constantly radiating ca* 
( loric ; those that are of the same temperature give out and absorb 
I equal quantities, so that no variation of temperature is produced in 
toem ; but when one body contains more free caloric than anotli- 
er, the exchange is always in favour of the colder body, until an 
equilibrium is effected ; this you find to be the case when the mar- 
ble table cooled your hand, and again when it melted the ice. 

Caroline. This reciprocal radiation suprises me extremely ; I 

{ thought, from what you first said, that the hotter bodies alone 

' emitted rays of caloric which were absorbed by the colder ; for it 

seems unnatural that a hot body should receive any caloric from a 

cold one. even though it should return a great quantity. 

Jdrs. B. It may at first appear so, but it is no more extraordina- 
ry than that a candle should send forth rays of light to the suDj 
which, you know, must necessarily happen. 

Caroline, Well Mrs. B.. I believe that 1 must give up the point. 
But I wish I could see these rays of caloric ; I should then have 
greater faith in them. 

Mrs, B. Will you give no credit to any sense but that of sight ? 
You may feel the rays of caloric which ypu receive from any body 
of a temperature higher than your own ; the loss of the caloric 
you part with in return, it is true/ is not perceptible; for as you 
gain more than you lose, instead of suffering a dim^ution, you 
are really making an acouisition of caloric. It is, therefore, only 
when you are parting with it to a body of a lower temperature^ 
that you are sensible of the sensation of cold, because you then sus- 
tain an absolute loss of caloric. 



'"This is true when applied to inanimate matter. But if a live an- 
imal is exposed to a degree of heat above the temperature of its 
own body, it has the power of resistance ; and though the heat be 
WO degrees above that of the animal, K scarcely a^eots its tetnper- 
ature — r. 

I I- ,1 II'. IIM'~ 

144. V\' hat is professor Prevost's theory of caloric ? 

145. What remark retipeciing live animals u made in ike note ? 

146. Do all bodies constantly radiate caloric ? 

> 147. If one body contain more free caloric than another, what is 
the consequence ? 
146. Does a hot body receive caloric from a cold ooe ? 

149. How does Mrs. B. aaawer the obiection to the reciprocal 
radiation of caloric between bodies of different temperature r 

150. What occasions the seosation of cold f 
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JSSmt/y. And ia this ease^ we cannot be sensible of the small 
quantity of beat we receire in exchange from the colder body, be- 
canse itserres only to diminish the loss. 

Jtfrt. B. Veiy well, indeed, Emily. Professor Pictet, of Gene- , 
Ta, has made some rery interesting* experiments, which prove not I 
only that caloric radiates from all bodies whaterer, but tliat these [ 
rays may be reflected, according to the laws of optics, in the same <^ 
manner as light. I shall repeat these experiments before you, hav- / 
ing procured mirrors* fit for the purpose ; and it will afibrd ub an f 
ooportunity of using the differential thermometer, which is partic> ' 
luarly well adapted for these experiments.— I place an iron bullet, j 

Fig. 5. 
Jtfir* Piekefii AppareUw/or the Refiecliono/Heai. 




A A, and B B, Cooeave Hirroia, fijMd oa •tands. C, Haated Ballet, placed ia tha focut ui tha 
Mirror A. D, TfaameoMtar. with iU bolb plaead in tka 'oeaa of tha Mirror B. S9 4, raya of 
Calorie radiatiBf from tha Bellat, and <hllii« on tha Mirror A. 66 7 S, tht laaw t^f% raieoted 
from tha Mirror A to tha Mirror B. 9 10 1 1 l3j the aane raj* relactad bj tha Mirror B. to tha 
Thaimemetar. 

about two inches in diameter, and heated to a degree not sufficient ^ 
to render it luminous, in the fbcus of this large metallic concave 
mirror. The rays of heat which fall on this mirror are reflected, 
ajgreeably to the property of concave mirrors^ in a parallel direc- 
tion, so as to fall on a similar mirror, which, you see, is placed op- 
posite to the first, at the distance of about ten feet ; thence the ^ 
rays convcree to the focus of the second mirror, in which I place * 
one of the bmbs of this thermometer. Now. observe in what man- 
ner it is affected by the caloric which is reflected on it from the 
heated bullet. — The air is dilated in the bulb which we placed in 
the focus of the mirror, and the liquor rises considerably in the op- 
posite leg. 



* Mirrors made of common tinned iron show this experiment 
very well. They may be 10 or 12 inches in diameter, ana about S 
inches deep. T^J must 'be |rfanished with a hammer having a 
convei iace, and afterwards polished with a piece of buckskin, and 
a little whiting. —C. 



15 » . What do Professor Pictet*s experiments on caloiic prove ? 
162. What is tha object of figure 5 r 
j£g> How would you explain the experiment represented in this 

4* 
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Emily' But would not tbe same effect take place, if the rays of 
caloric from tbe heated bullet fell directly od the thermometer, 
without the assistance of the mirrors ? 

Mrs. B. The effect would in that case be so trifling^, at the dis- 
tance at which the bullet and the thermometer are from each oth- 
er, that it would be almost imperceptible. The mirrors, you 
know, greatly increase the effect, by collecting a larp;e quantity of 
rays in a focus ; place your hand in the fociis of the mirror, and you 
will find it much hotter there than when yon remove it nearer to 
; the bullet. 

Emily. That is very true ; it appears extremely singular to feel 
the beat diminish in approaching the body from w£ich it proceeds. 

Caroline. And the mirror which produces so much heat, by con- 
verging the rays, is itself quite cold. 

Jurt* B. The same number of rays (kat are dispersed over the 

'surface of the mirror are collected by it into the focus ; but if you 

icbnsiderhow large a surface the mirror presents to the rays, and, 

consequently, how much they are diffused in comparison to what 

they are at the focus, which is a little more than a point, I think you 

' can no longer wonder that the focus should be so much hotter than 

the mirror. ^ 

The principal use of the mirror in this experiment is, to prove 

/ that the calorific emanation is reflected in the same manner as 

' light. 

Caroline* And the result, I think, is very conclusive. 
' Mrs, B' The experiment may \>e repeated with a wax taper in- 
stead of the bullet, with a view of separating the light fronx the 
. caloric. For this purpose a transparent plate of glass must be in- 
'. terposed between the mirrors ; for light, you know, passes with 
,' great facility throuffh glass, whilst the transmission oi caloric is 
almost wholly impeded by it. We shall find, however, in this ex« 
periment, that some few of the calorific rays pass through the glass 
together with the light, as the tbfrroometer rises a little ; but, as 
soon as the glass is removed, and fVee passage left to the caloric, it 
will rise considerably higher. 

Emily. This experiment, as well as that of Dr. HerscheH's, 
proves that light and heat may be separated : for in the latter ex« 
^ periment the separation was not perfect, any more than that of Mr. 
Pictet. 

Caroline, 1 should like to repeat this experiment, with the dif- 
ference of substituting a cold body instead of a hot one, to see 
whether cold would not be reflected as well an heat. 
" Mrs. B. That experiment was proposed to Mr. Pictet by an in- 
credulous philosopher like yourself, and he immediately tried it by 
substituting a piece of ice in tbe place of a heated bullet. 
Caroline, Well, Mrs. B., and what was the result? 



154. Why do mirrors increase the effect in this experiment ? 

155. Why does a metallic mirror feel cold when placed before 
the fire ? 

166. What is the use of the mirror in tlfe experiment ? 

157. What substance almost wholly impedes the transmissioQ of 
caloric .' 

158. What does this prove f 

159. What philosopher supposed that cold might be reflected ? 
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Jtfr*. B. That we shall see ; 1 bare procured some ice for the 
purpose. 

Emily. The thermometer falls considerably ! 

Caroline. And does not that prove that cold is not merely a n«i- 
aitve qnality. implying simpl; an inferior degree of heat ? The 
cold must be posUiife, since it is capable of reflection. 

Mrs. B. So it at first appeared to Mr. Pictet ; but upon a little 
consideration he found that it afforded only an additional proof of 
the reflection of heat ; this I shall endeavour to explain to you 

According to Mr. Provost's theory, we suppose that all bodies 
whatever radiate caloric ; the thermometer used in these esper- 
iments, therefore, emits calorific rays in the same manner ts any 
other substance. When its temperature is in equilibrium with that 
of the surrounding bodies, it receives as much caloric as it parts 
with, and no change of temperature is produced. But when we 
introduce a bodv of a lower temperature, such as a piece of ice 
which parts with less caloric than it receives, the consequence is* 
that its temperature is raised, whilst that of the surrounding bodies 
IB proportionally lowered. 

Emily. If, for instance. I was to bring a large piece of ice into 
this room, the ice would in time be melted, by absorbing caloric 
from the general radiation which is going on throughout the room ; 
and as it would contribute very little caloric in return for what is 
absorbed, the room would nece^sSrily be cooled by it. 

Jfrs. B. Just so ; and as in consequence of the mirrors, a more 
considerable exchange of rays takes place between the ice and the 
thermometer, than between these and any of the surrounding bod- 
ies, the temperature of the thermometer must be more lowered than 
that of any other adjacent object. 

Caroline. I confess I do not perfectly understand your explan- 
ation. 

Jdrs. B. This experiment is exactlv similar to that made with 
the heated bullet ; for, if we cojuider the thermometer as the hot 
body (which it certainly is in comparison to the ice,) you rafay then 
easily understand that it is b^ the loss of the calorific rays which 
the thermometer sends to the ice, and not by any cold rays receiv- 
ed from it, that the fall of the mercury is occasioned ; for the ice, 
fer ftiom emitting rays of cold, sends forth rays of caloric, which 
diminish the loss sustained by the thermometer. 

Let us say, for instance, that the radiation of the thermometer 
towards the ice is equal to 10, and that of the ice towards the 
thermometer to 20 ; the exchange in favor of the ice is as 20 is 
to 10, or the thermometer absolutely loses 10, whilst the ice gains 

Caroline. But if the ice actually sends rays of caloric to the 
thermometer, must not the latter fall still lower when the ice is re- 
moved } \ 

Mre. B. No ; for the space which the ice occupies, admits rays 

160. What did his experiment prove? 

161. What is probabljp respecting the use of the thermometer in 
this experiment, according to Mr. Provost's theory.? 

162. What similarity is there between this experiment and that 
of the heated bullet t 

. .469. Since the ice sends rays of caloric to the thermometer, will 
tt#| tlie thermometer fall if the ice is removed f 
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from all Jthe surroandinit bodies to pass througfa it : and those beiD^ 
of the saune temperature as the thermometer, will not effett it, be- 
cause as mach heat now returns to the thermometer as radiates 

from it. 

CarolvM. I must confess that f oo hare explained this in so satis- 
factory a manner, that I cannot help being conrinced now that cold 
has no real claim to the rank of a positiye being 

Mrs. B Befnre I conclude the subject of radiation, I must ob- 
serve to you, that different bodies (or rather surfaces,) possess the 
power of radiating caloric in rery different degrees. 

Some curious experiments have been made b\ VI r. Leslie on 

this subject, and it was for this purpose that heinrented the differ- 

,' ential thermometer ; with its assistance he ascertained that black 

surfaces radiate most, glass next, and polished snrfaoes the least of 

.aH. 

Emily. Supposing these surfaces, of course, to be all of the same 
temperature. ' 

Mrs. B. Undoubtedly. I will now show you the rery ingen- 
ious apparatus, by means of which he made these experiments. 
This cubical tin yessel, nr canister, has each of its sides externally 
coyered with different materials^; the one is simply blackened ; 
the next is covered with white paper ; the third with a pane of 

> glass, and in the fourth the polished tin surface remains uncovered. 

> We shall fill this vessel with hot water, so that there can be no 
doubt but that all its sides will be of the saipe temperature. Now 
let us place it in the focus of one of the mirrors, making each of 
its s^des front it in succession. We shall begin with 3ie black 
surface.* 

Caroline. It makes the thermometer which is in the focos of the 
other mirror rise considerably. - Let us turn the paper surface 
towards the mirror. The thermometer falls a little, therefore of 
course, this side cannot emit or radiate so mueh caloric as the black- 
ened side. ^ 

Emily. This is very surprising ; for the sides are exactly of the 
same size, and must be of the same temperature. But let us try 
the glass surface. 

Mrs. B. The thermometer continues falling, and with the plain 
surface it falls still lower ; these two surfaces therefore radiate less 
and less. 

Caroline I think I have found out the reason of this. 

Mrs B.' I shoald be very happy to hear it, for it has not yet, (to 
my knowledge] been accounted for. 

* The radiating power of different surfaces may be shown t^us. 
Take a common half pint tin cup, scour one side bright, and paint 
or smoke 4he other black Place this in the focus of tlie mirror, 
and the thermometer will rise or fall as its sides are changed.— C. 

164. Why will it not ? 

165. Do all surfaces radiate caloric in equal degrees ? 

166. What surfaces radiate most caloric, and what ones least f 

f 167. What illustration is g>ven of the different radiations of dif- 
erent surfaces? 

168. How is it stated in ike noUt that the ra^U&ting power of dif* 
fennt iurfacennay he shown? 
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Caroline* The water within the vessel ipradually cools, and the 
thermometer in conseqveDce g^raduaily (alls 

Jfr9* B, It is true that the water cools, but certainly in much less 
proportion than the thermometer descends^ as you will perceive if 
yon now change the tin surface for the black one. 

CarcHne. I was niistaken, certainly, for the thermometer rises 
again now that the black surface fronts the mirror 

Jin. B. And yet the water in the vessel is still cooling, Car^ 
oline. 

EmUy, I am surprised that the tin surface should radiate the 
least caloric, for a metallic vessel filled with hot water, a silver 
tea-pot for instance, feels much hotter to the baud than one of black 
earthenware. 

JIf r«. B. That Js o<i^ng to the different power which various bod- ^ 
ies posses^ for conducting cslXovic, a property which we shall pre- 
sently examine. Thus, alttioofi^h a metallic vessel feels warm to 
the hand, a vessel of this kind is known to preserve the heat of the 
liquid within, better than one of any other materials ; it is for this 
reasoo that silver tea-pots make better tea than those of earthen- 
ware. 

EwUy. According to these experiments, light coloured dresses, 
in cold weather, should keep us warmer than black clothes, since 
the latter radiate f^o much more than the former. 

Mrt. B And that is actually the case. 

Emily, This property, of different surfaces to radiate in different 
degrees, appears to me to be at variance with the equilibrium of 
caloric ; since it would imply that those bodies which radiate most 
must ultimately become coldest. 

Suppose that we were to vary this experiment, by using two 
metallic vessels full of boiling water, the one blackened, the other 
not ; wonld not the black one cool the Brst ? 

Caroline, True ; but wb<>n they were both brought down to the 
temperature of the room, the interchange of caloric between the 
canisters and the other bodies of the room being then equal, their 
temperature would remain the same- 

Emily. I do not see why that should be the case ; for if different 
surfaces of the same temperature radiate in different degrees when 
beatedi why should they not contmue to do so when cooled down 
to the temperature of the room ? 

J(fr«. B. You hare started a difficulty. Emily, which certainly 
requires explanation. It is found by experiment, that the power 
of absorption corresponds with, and is protH>rtional to, that of radia* 
tion : so that unHer equal tem^>eraMJr^?s. bodies compensate for the 



l^9 WhT will a silver tea>pot or any metailic ressel filled with 
hot water, feel much hotter to the hand than one of black earthen 
ware? 

170. Why will a silver teapot make better tea than an earthen 
one? 

171. Why is a light colored dress warmer than a black one in 
winter ? 

' 172. And why a light colored one colder than a black in the 

summer ? 

173. What difficulty is meoiiooed reapectmg the abore theory of 
the radiation of calonc ? 
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greater loss they sustain in consequence of their greater radiatioa 
by their greater absorption ; so that if yon were to make your ex- 
periment in an atmosphere heated like the canisters, to the tem- 
perature of boiliog water, though it is true that the canisters would 
radiate, in different degrees, no change of temperature would be 
produced in them, because they wouul each absorb caloric in pro- 
portion to their respective radiation. - 

Emilt/. But would noi the canisters of boiling water also absorb 
caloric m different de^^rees in a room of the common temperature P 

Jtfr«. B. Undoubtedly they would But the various bodies in 
the room would not, at a lower temperature, furnish either of the 
canisters with a sufficiency of caloric to compensate for the loss 
they undergo ; for, suppose a black canister to absorb 400 rays 
of caloric, whilst the metallic one absorbed only ^00; yet if the 
former radiate 800, whilst the latter radiates only 406, the black 
canister will be the first cooled down to the temperature of the 
room. But from the moment the equilibrium of temperature has 
taken place, the black canister, both receiving and giving out 400 
rays, and the metallic one 200. no change of temperature will take 
place. 

Emily, I now understand it extremely well. But what becomes 
of the surplus of calorific rays, which rood radiators emit, and bad 
radiators receive ? they must wander about in search of a resting- 
place ! 

Jlirs, B They really do so ; for they are rejected and sent back, 
or, in other words, reJUrted by the bodies which are bad radiators 
of caloric : and they are thus transmitted to other bodies vihich 
happen to lie in their way, by which they are either absorbed or 
again reflected, according as the property of reflection, or that of 
absorption, predominates in these bodies. 

Caroline. I do not well understand the difference between radia- 
^ tins' and reflecting caloric, for the caloric that is reflected from a 
body, proceeds from it in straight lines, and may surely be said to 
radiate from it ? 

J^rs. B. It is true that there at first appears to be a great analo- 
gy between radiatum and reflection^ as they equally convey the 
idea of the transmission of caloric. 

But if you consider a little, you will perceive that when a body 
radiaUi C2t\oric, the heat which it emits not only proceeds from, 
but has its origin in the body itself Whilst when a body reflects 
caloric, it parts with none of its own caloric, but only reflects that 
which it receives from other bodies 

Emily. Of this difference we have very striking examples be- 
fore us, in the tin vessel of water, and the concave mirrors ; the 
first radiates itsownbeat, the latter reflect the heat which they re- 
ceive from other bodies. 

Caroline. Now that T understand the difference, it no longer 

• ■ ■ 

174. If different surfaces of the same temperature radiate in dif- 
ferent deerees when heated, why do they not continue to do so 
when cooled to the temperature of the room ? 

175. What becomes of the surplus of caloric, which good radia- 
tors emit and bad ones refuse to receive ? 

176. What is the difference between the radiation and reflection 
of caloric .' 

177. How would you illustrate this difference by example ? 
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surprises me that bodies which radiate, or part with their own ca- 
loric ireely, should Dot have the power of traosmittiDg with equal 
facility that which they receire mm other bodies. 

Emily. Yet do body cao be said to possess caloric of its owo, if 
all caloric is origioally derived froin the sun. ^ 

Jlir$, JB. WbeD I speak of a body radiatiog its own caloric, I ( 
mean that which it has absorbed aod iocorporated either immedi- 
ately from the sud's rays, or through the medium of any other sub- 
stance. 

Caroline* it seems natural enough that the power of absorption 
should be in opposition to th%t of reflection, for the more caloric a 
body receives, the less it will reject. 

Emily.- And equally so that the power of radiation should cor- 
respond with that of absorption. It is, in feet, cause and effect ; 
for a body cannot radiate heat without having previously absorbed 
it ; just as a spring that is well fed flows abundantly. 

Jlfr«. B. Fluids are in cfeneral very bad radiators of caloric *, and 
air neither radiates nor absorbs caloric in any sensible degree. 

We have not yet concluded our observations on free caloric. 
But I shall defer, till our next meeting, what I have further to say 
on this subject. I believe it will aiTora us ample conversation for 
another interview. 



CONVERSATION 01. 

CONTINUATION OP THE SUBJECT. 

Jtfrr. JB. In our last conversation, we began to examine the ten- 
dency of caloric to restore an equilibrium of temperature. This 
property when once well understood affords the explanation of a 
great variety of facts which appeared formerly unaccountable. 
ITou must observe, in the first place, that the effect of this tenden- 
cy is gradually to bring all bodies that are in contact, to the same 
temperature. Thus the fire which burns in the grate, communi- 
cates its heat frond one object to another, till every part of the room 
has an equal portion of it. 

Emily. And yet this book is not so cold as the table on which it 
lies, though both are at an equal distance from the fire, and actaally 
in contact with each other, so that according to your theory, they 
should be exacUy at the same temperature. 

KJaroWItt, And the hearth which is much nearer the fire than the 
canpet, is certainly the colder of the two. 

Jir9, B. If you ascertain the temperature i>f these several bo- 



178. When we speak of a body radiating its own caloric, what do 
we mean ? 

179. What are very bad radiators of caloric ? 

180. Has caloric any effect upon the air f 

181. What is the tendency or caloric f 

182. Do all substances at the same temperature feel equally warm 
or cold ^ 
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dies br a tbermmneter (which is a moch more acourala test ihaa 
yoor mfiDg'jJ^ you will find that it it exactly the same. 

Caroline. But if they are of the same temperature, why should 
the ooe feel colder thau the other ? 

Jdrs, B, The hearth and the table feel colder than the carpet or 
the book, because the latter are not such good conductors of heat 
as the former. Caloric finds a more easy passage through marble 
aod woo|d, than through leather and worsted ; the two former will 
therefore absorb heat more rapidly from your band, and consequent* 
Iv give it a stronger sensation of cold than the two latter, although 
mey are all of them really of the same temperature. 

Caroline. So, then, the sensation 1 feel on touching a cold body, 
is in proportion to the rapidity with which my band yields its heat 
to that body. 

Jtfrf. B. Precisely ; and if you lay your hand successively on 
every object in the room, you will discover which are good, and 
which are bad conductors of heat, by the different decrees of cold 
' which you feel. / But in order to ascertain this point, it is necessa- 
ry that the several substances should be of the same temperature, 
which will not be the case with those that are very near the fire, or 
those that are exposed to a current of cold air from a window or 
' door. 
, Emily. But what is the reason that some bodies are better con* 
ductors of heat than others ? 

Jlfr«. B. This is a point not well ascertained. It has been con- 
jectured that a certain union or adherence taJces place between the 
caloric and the particles of ttie body through which it passes. If 
this adherence be strong, the body detains the beat, and parts with 
it slowly and reluctantly ; if slight, it propagates it freely and rap* 
idly. The conducting power of a body is therefore, inversely, as iti 
tendency to unite with caloric. 

EmUy* That is to say, that the best conducton are those that 
have the least affinity for caloric 

JIfrf . B. Tes ; but the term affinity is objectionable in this case, 
because, as that word is used to express a chemical attraction . 
(which can be destroyed only by decompositon,) it cannot be ap- 
plicableto the slight and transient union that takes place between 
free caloric and the bodies through which it passes ; an union 
which is so weak, that it constantly yields to the tendency which 
caloric has to an equilibrium. Now you dearly understand, that 
the passage of caloric, through bodies that are good conductors, is 
much more rapid than through those that are bad conductors, and 
that the former both give and receive it more quickly, and there* 

183. Why do they not? 

184. What are instances of substances of the same temperature 
producing difibrent sensations of heat and cold ? 

185. To what is the sensation proportional on. touching one's 
hand to a cold body ? 

186. How can we ascertain which bodies are good conductors of 
heat and which are not ? 

187. Whv are some bodies better conductors of beat than others? 

188. Will caloric pass quickest through g^ood, or bad conduct- 
en f 

189. Which gives and receires it most readily ? 
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fere, in s givea timd more nbondantly, than fiad ooodnctavs, winch 
makes them feel either hotter or colder, tboof h they itiay be in 
^ict, both of the same temperature. 

CknroUne. Tes,I anderstanditiuiir; the table and the b^^ lying 
upon it, being^really of the same temperatore, would eac^eceiFO 
in the same space of time, the same ouantity of beat from my hand, 
were their conducting powers equal ; but as the table is the best; 
ceoductor of the two, it will absorb the beat from my hand more v 
rapidly, and consequently produce a stronger sensation of cold : 
than the book. ^ 

Afr«. B. Very well, my dear ; and observe, likewise, that if you 
were to heat the table and the book an equal number of degrees 
abore the temperature of your body, the table, which before felt 
the colder, would now feet the hotter of the two ; for, as in the first 
case it took the heat most rapidly from your hand, so now it will im- 
part heat most rapidly to rt. Thus the marble table, which seems 
to us colder than the mahorany one, will prove the hotter of tbe 
two to the ice ; for if it rowes heat more rapidly fhxn our han^s, 
wfaicb are warmer, it will give out heait more rapidly te the ice 
which is colder. Do you uadentand tlie reason oi these apparent- 
ly opposite effiects ? 

EmUjf. Perfectly. A body which is a good conductor of calorie, 
affords It a free passage ; so that it ^netrates through that body more 
rapidly than through one which is a bed conduetor ; and conse- 
<}uently, if it is colder than your band, you lose more caloric, and if it 
is hotter you g«in more than a bad conductor of the same temperature. 

JIf n. Ji. But ^o« must observe that this is the case only when the 
conductors are either hotter of colder than your hand ; for, if you 
heat different conductors to the temperature of your body, they will 
\ all feel equally warm, since the exchai^e of caloric between bodies 
* of the same temperiature is equal. Now, can von tdl me why flan-' 
nel clothing, which is a very bad conductor ox heat, prevents out 
feeing cold? 

Caroline, It prevents the cold from penetrating . . . 

Jin, B. But you forget that cold is only a negative quality. 

Caroline. True, it only prevents the heat of our bodies from es* 
caping so rapidly asJt would otherwise do. 

Mr». B Now you have explained it right ; the flannel rather 
keeps in the heat, than keeps out the cdd. Were the atmosphere 
of a higher temperature than our bodies, it would be equally effica- 
cious in keeping their temperature at the same d^ree, as it would 
prevent the free access of the external heat, by the difficulty with 
which it conducts it. 

Emily. This, I think, is very clear. Heat, whether ekternal or 
internal, cannot easily penetrate flannel ; therefore, in cold weather 



190. If we lay our hand fipen a table and a book both of the 
same temperature, why does the table produce a stranger vensation 
of cold than the book ? 

19t. Under what ctienmstanees will good and bad conductors 
feel equallr i#arm to our flesh ? 

19^ Why does flannel ckithing prevent our feeling cold f 

193. Under what circamstaaces, or whenwouhia flannel dress 
produce a contrary effect in our feelings f 
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it keeps us warm, and if the weather were hotter than our bodiefy 

/ it woul4 keep us cool. 

' Mrt, ^. The most dense bodies are, geoerally speaking, the best 

V condu^rs of beat ; probably because the denser the body f be great- 
er are^e number of points or particles that come in contact with 

[ caloric. At the ciimmon temperature of the atmosphere, a piece of 
metal will feel much colder than a piece of wood, and the latter 
than a piece of woollen cloth ; this again will feel colder than flan- 
nel ; and down, which is one of the lightest, is at the same time one 
of the warmest bodies.* 

Caroline, This is, I suppose, the reason that the plumage of birds 
preserves them so effectually from the influence of cold in winter? 
• Jtfrs. B. Yes ; but though feathers in general are an excellent 
preservative against cold, down is a kmd of plumage, peculiar to 
aquatic »irda, and covers their chest, which is the part most ex- 

I>osed to the water ; for though the surface of the water is not of a 
ower temperature than the atmosphere, yet it is a better conduc- 
tor of heat, it feels much colder, consequently the chest of the bird 
requires a warmer covering than any other part of its body. Be- 
sides, the breasts of aquatic birds are exposed to cold, not only from 
the temperature of the water, but also from the velocity with which 
the breast of the bird strikes against it ; and likewise from the rap* 
id evaporation occasioned in that part by the air against which it 
strikes, after it has been moistened by dipping from time to time 
into the water. 

If you bold a finger of one hand motionless in a glass of water, 
and at the same time move a finger of the other band swiftly through 
water of the same temperature, a different sensation will be soon 
perceived in the different fingers, f 

Most animal substances, especially those which Providence has 
assigned as n covering for animal^, such as fur, wool, hair, skin, 
kc, are bad conductors of heat, and are, on that account, such ex- 
cellent preservatives against the inclemency of winter, that our 
warmest apparel is made of these materials. 

* One reason, why fur, down, &c. conduct heat so badly, is, that 
they contain a large quantity of air, which is a worse conductor 
-than the materials themselves. — C. , 

/• f The reason seems to be, that the finger, when it Is still, warms 
^ the water in contact with it ; while the one that is stirring is con- 
stantly exposed to fresh applications of cold — C. 



194. What bodies are generally considered the best conductors 
of caloric ? 

195. Why are dense bodies the best conductors ? 

196. If the surface of water is not of a lower temperature than 
the atmosphere, why does it feel colder ? 

197. Why are fur, hair, wool, and down, good preservatives 
against the inclemency of winter ? 

198. Why are they bad cwdnctors of caloric ? 

199. Jf, you hold a Jinger of one haiid motionless in tt glass of wfi^ 
ter^^and at the same time move a finger <f the other hand surifilj/ 
through water of the same temperature, ',chy is a different sensation 
produced? 
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£im/^. Wood is, I dare say, not so gfood a coDdoctor as metal, 
nod it is for that reason, oo doubt, that silver tea-pots have always 
woo Vfi handles. 

Mrs, B. Yes ; and it is the facility with which metals conduct 
caloric that made you suppose that a silver pot radiated more calor- 
ic than an earthen one. The silver pot is in fact hotter to the 
hand wh«>n in contact with it ; but it is because its conducting' pow- ■ 
er more than counterbalances its deficiency in regard to radiation. 

We have observed that the most dense bodies are in general the 
bes;^ conductors ; and metals you know, are of that class. Porous/ 
bodies, such as the earths, ana wood, are worse conductors, chiefly,, 
I believe, on account of their pores being filled with air ; for air is a' 
remarkably bad conductor. 

Caroline, 1 1 is a very fortunate circumstance that air should be 
a bad conductor, as it tends to preserve the heat of the body when 
exposed to cold weather. 

Mrs. B. It is one of the many benevolent dispensations of Prov- 
idence, in order to soften the inclemency of the Season, and to ren- 
der almost all climates habitable to man 

In fluids of different densities, the power of conducting heat va- 
ries no less remarkably ; if you dip your hand into this vessel full 
of mercyry, you will scarcely conceive that its temperature is not 
lower than that of the atmos;)here. 

Caroline. Indeed I know not how to believe it, it feels so extreme- 
ly cold. But we may easily ascertain its true temperature by the 
thermometer It is really not colder than the air: the apj^rent 
difference then is produced merely by the difference of the conduct- 
ing' powec in mercury and in air. 

Mrs. B, Yes ; bence you may judge how little the sense of feel- 
ing" is to be relied on as a test of the temperature of bodies, and 
bow'necessary a thermometer is for that purpose. 

It has indeed been doubted whether fluids have the power of con- 
ducting caloric in the same manner as solid bodies Count Fum- 
ford a very few years since, attempted to prove by a variety of ex- 
periments, that fluids when at rest, were not at all endowed witli 
this property. ' 

Caroline. How is that possible, since they are capable of impart- 
ing cold or heat to us ; for if they did not conduct heat, they would 
Bei(her take it from, nor give it to us.'* 

Mrs. B. Count Rumford did not mean to say that fluids would 
not communicate their heat to sohd bodies ; but only that heat does 
not pervade fluids, that is to say is not transmitted n*om one parti- 
cle of a fluid to another, in the same manner as in solid bodies. 

Emily. But when you heat a vessel of water over the fire, if the 
particles of water do not communicate heat to each other, bow does 
the water become hot throughout ? 



SOO Why does a silver tea-pot feel hotter to the hand than an 
earthen one ? 
Sbl . Why are wood and earths bad conductors of it ? 

202. Have fluids of different densities the same power of con- 
ducting caloric ? 

203. Ought the sense of feeling to be relied on as a test of the 
temperature of bodies .' Why ? 
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Mn. B. By oonttant apitatioB. Water, as jon bare laeo, ex- 
inoids by beat, in the same manner as solid bodies ; the heated par- 
ticles of water, therefore, at the bottom of the vessel, beinf^ spe- 
cifioallj lighter than the rest of the liquid, and consequently ascend 
to the surrace, where, parting with some of their heat to the colder 
atmosphere, thcj are condensed and give way to a fresh succession 
of heated particles ascending from the bottom, which, having 
thrown off their heat at the surface* are in their turn displaced.— 
Thus every particle is successively heated at the botton, and cool- 
ed at the suitace of the liquid ; but as the fire comrounicales heal 
more rapidly than the atmosphere cools the succession of surfaces, 
the whole or the liquid in time becomes heated. 

Caroline* This accounts most ingeniously for the propagation of 
heat upwards. But suppKMmg you were to lieat the upper surface of 
a liquid, the particles being specifically lighter than those below, 
could not descend ; how therefore would the heat be communicated 
downwards ? 

«Afr«. B. If thei^ were no agitation to force the heated surface 
doH Dwards, Count Rumford assures us that the heat would not de- 
scend. In proof of this he succeeded in making the upper surface 
of a vessel of water boil and evaporate, while a cake or ice remain- 
ed frozen at the bottom.* 

Caroline, That is very extraordinary indeed ! 

Jlfr«. B. It appears so. because we are not accustomed to heat 
liquids by their upper surface ; but you will understand this theory* 
better if I show you the internal motion that takes place in liquicb 
when they experience a change of temperature. The motion of 
the liquid itself is indeed invisible from the extreme miooteness of 
its particles ; but if you mix with it any coloured dust, or powder, 
of nearly the same specific gravity as the liquid, you may judge of 
xne internal motion of the latter by that of the colored dust it con- 
tains. — Do you see the small pieces of amber moving about in the 
liquid contained in this phial ? 

Caroline, Yes, perfectly. 

Mrs. B V\'e shall now immerse the phial in a glass of hot water, 
and the motion of the liquid will be shown by that which it commu- 
nicates to the amber. 

Emily. I see two currents, the one rising along the sides of the 
phi il, the other descending in the centre ; bui I do not nderstand 
the reason of this. 

'c D^ Thomson says—** All fluids, however, are capable of con- 
ducting caloric ; for when the source of heat is applied to their sur- 
fiice, the caloric gpradually makes its way downwards, and the tem- 
perature of every stratum gradually diminishes from the surface to 
the bottom of the liquid."— C 



1 



S04. How are fluids heated, when placed over the fire ? 

205. By what experiment did t ount Rumford attempt to prove 
that fluids do not conduct caloric downward ^ 

806. Whai was Dr, I%om8on*» opinion on this tubjeei ? 

907. What experiment shows the internal motion that takes place 
in liquids when they experience a change of tempeirature P 
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JUrs. B. The hot water communicates its caloric, through the ) 
iuedium of the phial, to the particles of the fluid nearest to the glass ; \ 
these dilate and ascend laterally to the surface, where, in parting:^ 
with their heat, they are condensed, and in descending, form the ( 
central current. j 

Caroline. This is indeed a very clear and satisfactory experiment ; 
but how much slower the currents now more than they did at first ? 

Jdrs B f-t is because the -circulation of particles has nearly pro- 
duced an equilibrium o! temperature between the liquid m the 
glass and that in the phial. 

Caroline, But these cpmmunicate laterally, and I thought that 
heal ID liquids could be propagated only upwards. 

Mrs. B, You do not take notice that the heat is imparted from 
one liquid to the other, through the medium of the phial itself, the ex- 
ternal surface of which receives the heat from the water in the 
glass, whilst its internal surface transmits it to the liquid it contains. 
Now take the phial out of the hot water, and observe the effect of 
Its cooling. 

Emily. The currents are reversed ; the external current now de- 
scends, and the internal one rises -»I guess the reason of this* 
change ; the phial being in contact with cold air instead of hot ' 
water, the external particles are cooled instead of being heated ; ; 
they therefore descend and force up the central particles, which, 
being warmer, are consequently lighter. 

Mrs. B. It is just so ; Count Rumford hence infers, that no alter- 
ation of temperature can take place in a fluid, without an internal 
motion of its particles ; and as this motion is produced only by the 
comparative levity of the heated particles, heat cannot be propaga- 
ted downwards. 

But though I believe that Count Rumford's theory as to heat being 
incapable erf pervading fluids is not strictly correct, yet there is, no 
doubt, much truth in his observation, that the communicatioD is ma- 
terially promoted by a motion of the parts ; and this accounts for 
the cold that is found to prevail at the bottom of the lakes in Swit- 
zerland, which are fed by rivers issuing from the snowy Alps. The . 
water of these rivers being colder, and therefore more dense • 
than that of the lakes, subsides to the bottom, where it cannot be 
affected by the warmer temperature of the surface ; the motion of 
the waves may communicate this temperature to some little depth, 
but it can descend no further than the agitation extends. 

Emily. But when the atmosphere is colder than the lake, the 
colder surface of the water will descend, for the very reason that 
the warmer will not. ^ 

Mrs, B. Certainly ; and it is on this account that neither a lake, 
nor any body of water whatever, can be frozen until every particle 



208. Why does one of the currents rise along the side of ^e 
phial and the other descend in the centre, when the phial is immiK- 
ed in hot water ? 

$09. If the phial be taken out of the hot water what will be the 
effect ^ 

210. What is the reason of this change ? . 

211. Why does cold prevail at the bottom of the lakes in Swit- 
zerland, which are fed by the rivers issuioff from the snowy Alps .' 

312. When M a lake or any collection of water frozen ? 
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of the water has risen to the surfiice to ffireoff its caloric tp the colder 
atmosphere ; therefore the deeper a oody of water is, the l<»ger 
will be the time it requires to be frozen. 

Emify* Bnt if the temperature of the whole body of water be 
broug^ht down to the freezings point, why is onl^ the surface frozen f 

Mrs. B» The temperature of the whole body is lowered, but not to 
i the freezing' point The diminution ef beat, as you know, produces 
^ a contraction in the bulk of fluids, as well as of solids This effect, 
however, does not take place in water below the temperature of 40 
degrrees, which is 8 degrees above the freezing point. At that tem- 
perature, therefore, the internal motion, ^iccasioned by the increased 
specific gravity of the condensed particles, ceases ; for when the 
water at the surface no longer condenses, it will no longer descend, 
and leave a fresh surface exposed to the atmosphere ; this surface 
alone, therefore, will be Airther exposed to its severity , and will soon 
be brought down to the freezing point, when it becomes ice, which 
being a had conductor of heat, preserves the water beneath a loDg 
time, from beinr affected by the external cold. 

Caroline. And the sea does not freeze, 1 suppose, because its depth 

is so ^reat, that a frost never lasts loog enough to bring down the 

temperature of such a great body of water to 40 degrees ? 

/ Jilrs. B That is one reason why the sea, as a large mass of water, 

; does not freeze. But, independently of this, salt water does not 

freeze till it is cooled much below>32 degrees, and with respect to 

the law of condensation, salt water is an exception, as it condenses 

even many degrees below the freezing point. When the caloric of 

, fresh water, therefore, is imprisoned oy the ice on its surface, the 

' ocean still continues throwing off heat into the atmosphere, which 

is a most signal dispensation pf Providence to modenite the intensi- 

. ty of the cold in wmter. 

Caroline, This theory of the non-conducting power of liquids, 
doe^ not, I suppose, hold good with respect to air, otherwise the at- 
mosphere would not he heated by the rays of the sun passing 
through it .' 

Mrs. B. Nor is it heated in that way. The pure atmosphere is a 
perfectly transparent medium, which neither radiates, absorbs, nor 
conducts caloric, biit transmits the rays of the sun to us without iu 
^anv way diminishing their intensity. The air is therefore not more 
heated, by the sun's rays passing through it, than diamond, glass, 
water, or any other transparent medium'" 

Caroline. That is very extraordinary ! Are glass windows not 
heated then by the sun shining on them ? 

* To show still better that transparent media are not heated by 
the rays of the sun, throw the focus of a burning lens into a vessel 
of clear water. No effect on the temperature will be produced ; 
but if an opake body, as a piece of cork be introduced under the 
fo^s, the water at Uiis point instantly begins to boil. — C. 



213. Why does water first freeze at the surface ? 

214. Why does not the surftce of the sea freeze ? 

215. What moderates the intensity of the cold in winter ? 

tt6. Is the atmosphere heated by the rays of the sun nassinfir 
through it? ^ r 6 

2t7. What experimens mentioned in the nole^prifwt ikut transpa- 
rent media are not . heated by the rays of the tun ? 
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Jlfr#. B. No ; not if the glau be perfectly transparent. A mott 
convincing proof that glass transmits the rays of the sun without 
bein^ heated by (hem, is afibrded by the burning lens, which by con- 
▼erring' the rays to a focus will set combostible bodies on fire, 
witnont its own temperature being raised. 

Emily. Tet, Mrs. B., if I bold a piece of glass near the fire, it is 
almost immediately warmed by it ; (he glass therefore must retain 
some of the caloric radiated by the fire. Is it that the solar rays 
alone pass freely tbroogh the |; lass without paying tribute ? It seems 
unaccountable that the radiation of a common fire should have 
power to do what thesun^s rays cannot accomplish. 

J^rs. B. It is not because the rays from the fire have more power, 
but rather because they have less, (hat tbey heat glass and othei^ 
transparent bodies. 1( is true, however, that as you approach the 
source of heat the rays being neanef each other, the beat is more 
condensed, and can produce effects of which the solar rays, from 
the great distance of their source, are incapable — Thus we should 
find it impossible to roast a joint of meat by the son's rays, though 
it is so easily done by culinary heat. Yet caloric emanated from / 
burning bodies which is commonly called culinary heai^ has neither ' 
the intensity nor the velocity of Eolar rays. AH caloric, we have -, 
said, is supposed to proceed originally from the sun : but alter hav- 
ing been incorporated with terrestrial bodies, and again given out 
by them, though its nature is not essentially altered, it retains nei- 
ther the intensity nor the velocity with which it first emanated from 
that luminary ; it has therefore not the power of passing through 
transparent mediums, such as glass and water, without ^ing par-, 
tially retained by those bodies. 

Emily. I recollect that in the experiment on the reflection of 
heat, the glass screen which you interposed between the burning 
taper and mirror, arrested the rajs or caloric, and suffered only 
those of light to pass through it. 

Caroline, Glass windows, then, though they cannot be heated by 
the sun shininr on them, ma% be heated internally by a fire in the 
room } Bnt, Mrs. B , since the atmosphere is not warmed by the 
solai* rays passing through it, how does it obtain heat ^ for all the 
fires that are burning on the surface of the earth would contribute 
very little towards warming it. 

Emily. The radiation of heat is not confined to burning bodies ; 
for all bodies, you know, have thai property r therefore, not only 
every thing upon the surface of the earth, but the earth itself, most 
radiate heat ; and this terrestrial caloric, not having, 1 s\>ppo8e,*8uf- 
ficient power to traverse the atmosphere, communicates heat to ijt. 

JUrs. B. Your inference is extremely well drawn, Emily : but the 
foundation on which it rests is not sound : for the fact is, that terres- 
trial or culinary heat, though it cannot pass through the denser 
transparent mediums, such as glass or water, without loss, traverses 
the atmosphere completely ; so that all the heat which the earth 

218. What is ci^inary heat ? 

3t9. Why does fire heat glass, when the sun does not ? 
240. To what experiment is allusion here made illustrative of 
this subject ? 
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' radiates, unless it meet with clouds* or any foreig^n body to intet' 
cept its passage, passes into the distant regions of the universe. 

Caroline What a pit^ that so much heal should be wasted ! 

* Mrs, B. Before you are tempted to object to any law of nature, 

reflect whether it may not prove to be one of the pumberless diS' 

pensations of Piovidence for our good If all the beat which the 

ycarth has received from the sun since the creation, had been accu- 

(muiated in it, its temperature by this time would, no doubt, have 

been more elevated than an\ human being could have borne. 

Caroline. 1 spoke, indeed, very inconsiderately But, Mrs. 6., 
though the earth, at such a high temperature, might have scorched 
our feet, we should always have had a cool refreshing air to breathe, 
since the radiation of the earth does not heat the atmosphere. 

Emily. The cool air would have afforded but very insufficient 
refreshment, whilst our bodieis were exposed to the burning radia- 
tion of the earth. 

Mrs. B. Nor should we have breathed a cool air : for though it is. 
true that heat is not communicated to the atmosphere by radiation, 
yet the air is warmed by contact with heated bodies, in the same 
manner as solids or liquids. The stratum of air which is immediately 
in contact with the earth is heated Jus it ; it becomes specifically 
lighter, and rises, making way for another stratum of air, which, is, 
in its turn heated and carried upwards; and thus each successive 
stratum of air is warmed by coming in contact with the I'arth. You 
may perceive this effect in a sultry day. if you attentively observe 
the strata of air near the surface of the earth ; they appear in con- 
3tant agitation ; for though it is true the air itself is invisible, yet the 
sun shining on the vapour^ floating in it, render them visible, like 
the amber dust in the water. The temperature of the surface of 
the earth is therefore the source from whence the atmosphere de- 
rives Its heat, though it is communicated neitl^er by radiation, nor 
transmitted from one particle of it to another by the conducting 
power : but every particle of air must come in contact with the 
earth, in order to receive heat from it. 

Emily. Wind, then, by agitating the air, should contribute to 
cool the earth and warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air in contact with the earth ^ and yet 
in general wind feels cooler than still air 

Mrs. B. Because the agitation of the air carries offbeat from the 
surface of our bodies more rapidly than still air, by occasioning a 
greater number of points of contact in a given time. 



* Every one has observed how oppressive the heat is on a fog^y, 
or cloudy day in the summer. The moisture of the fog absorbs the 
heat which the earth radiates, and throws it back upon the earth 
again, and upon us. — C. 



221. What becomes of the heat which the earth radiates-.^ 

222. What would be the effect if all the heat which the earth has 
received from the 8un,8ince the creaiioD^bad been accumulated in it' 

223. Why. in summer, is it particularly hot in cloudy, or fog^ 
weftther ? 

SSt4. How is the air heated^ if not at has been taid^ by the rays of the 
sttnpauing through Uf 
225. Wby 18 the wind cooling to oar bodies .' 



FBSS CAI4>BIC. 



67 



£ititi^. Since it is from the earth, aod not the sun, that the at- 
tno6[^ere receiyes its heat, I no loo(^er wonder that elevated regions 
shoaid be colder than plains and valleys. It was always a subject 
of astonishment to me, that in ascending a mountain and approach • 
ing the stin, the air became colder instead of being more heated. 

Mrs. B. At the distance of about a hundred millions of miles, 
irhich we are from the sun, the approach of a few thousand feet 
makes no sensible difference, whilst it produces a very considerable 
effect with regard to the warming of the atmosphere at the surface 
of the earth. 

Caroline. Yet as the warm air arises from the earth, and the 
cold air descends to it, I should have supposed that beat would have 
accumulated in the upper regions of the atmosphere, and that we 
should have felt the air warmer as we ascended. 

Jtfr«. B. The atmosphere you know, diminishes in density, and / 
consequently in weight, as it is more distant from the earth ; the,' 
warm air. therefore, rises only fill it meets with a stratum of air of. 
its own density ; and it will not ascend into the upper regions of the 
atmosphere until all the parts beneath have been previously heated. 
The length of summer, even in warm cliqjates, does not heat the air 
sofficiently^to melt the snow which has accumulated during the win- 
ter on very high mountains although they 
are almost coostant'y^exposed to the heat 
of the sun's rays, being too much eleva- 
ted to be often enveloped in clouds. 

Emily. These explanations are very 
sati'ifWctdry ; but allow me to ask you one 
more question respecting the increased 
levity of heated liquids.' You said that 
when water was heat^ over the fire, the 
particles at the bottom of the vessel as- 
cended as sooQ as heated, in consequence 
of their specific levity ; why does not the 
satiie effect continue when the water boils 
and is converted into steam i and why 
does the steam arise from the surface, in- 
stead of the bottom of the liquid ^ 

Mrs. B The steam or vapour does as- 
cend from the bottom, though it seems to 
arise from the surface of the liquid We 
shall boil some water in this Florence 
flask, (Fig. 6) in order that you may be 
well acquainted with the process of ebul- 
lition : you will then see, through the 
glass, that the vapour rise in bubbles 
from the bottom We shall make it boil 
by means of a lamp ^ which is more con- 
Boiling waur in a «..k over a J««»ent for this purposc than the chimucy 

Patent Lamp. UTG. 
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226. Why is ii colder on high hills and mountains than it is in 
valleys, since the former are Bearer the sun than the latter, and 
since also it is the nature of the air to rise as it becomes warmed ? 

227. What illustration is mentioned to shew that the air is not 
heated by the sun's rays passing through it .^ 

^2^ Does water boil from the top, or from the bottom of a vessel ^ 
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Emily. I see some small bobbles ascend, and a great many appear 
all over the inside of the flask ; does the water begin to boil already? 

Mrs, B. No ; what you now see are bubbles of air, which were 
: cither dissolved in the water, or attached to the inner surface of the 
flask, and which,, being rarefied by the beat, ascend in the water. 

Emily, But the heat which rarefies the air inclosed in the water 
; must rarefy the water at the same time ; therefore, if it could re- 
main stationary in the water when both were cold, I do not under- 
stand why it should not when both are equally heated. 

Mrs. B. Air being much lesa dense than water, is more easily 
rarefied ; the former, therefore, expands to a great extent, whilst 
the latter continues to occupy nearly the same space ; for the wa- 
ter dilates comparatively but ncery little without changing its state 
and becoming vapour. Now that the water in the flask begins to 
boil, observe what large bubbles rise from the bottom of it. 

Emily. I see them perfectly ; but I wonder that they have suffi- 
cient power to force themselves through the water. 

Caroline. They must rise, you know, from their specific levity. 

Mrs. B. You are right, (.aroline : but vapour has not in all li- 
^ quids (when brought to the degree of vaporization) the power of 
, overcoming the pressure of the less heated surface. Metals, for in- 
i stance, mercury excepted, evaporate only from the surface ; there- 
fore no vapour will ascend from them till the degree of heat which 
is necessary to form it has reached the surface ; that is to say, till 
the whole of the liquid is brought to a state of ebullition. 

Emily. I have observed that steam, immediately issuing from the 
spout of a tea-kettle, is lens visible than at a further distance from 
it, yet it must be more dense when it first evaporates, than when 
it begins to diffuse itself in the air. 

Mrs. B. When the steam is first formed, it is so perfectly dissolv- 
eu by caloric, as to be invisible. In order, however, to understand 
this, it will be necessary for me to enter into some explanation re- 
specting the nature of solution. Solution takes place whenever a 
body is melted in a fluid. In this operation the body is reduced to 
sucf) a minute state of division by the fluid, as to become invisible 
in it and to partake of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided in- 
to its integrant particles by the fluid in which it is melted. 

Caroline. It is then a mode of destroying the attraction of aggre- 
gation 

Mrs. B. Undoubtedly. — the two principal solvent fluids are wa- 
ter and caloric. You may hav observed that if you melt -alt in wa- 
ter it totally disappears, and the wat«r remains clear and transpa- 
rent as before ; yet though the union of these bodies appears so 
perfect, it is not produced by any chemical combination ; both the 

22^. What causes those bubbles which ascend, and those which 
gather on the inside of a vessel when water is heating i* 
230 Why is air more easily rarefied than water ? 

231. When water begins to boil why do large bubbles rise from 
the bottom ? 

232. Has vapour always the power of overcoming the pressure 
of the less heated surfece ? 

233. What substances evaporate only from the surface ? 

234. When does solution take place ? 

S25, What are the two principal solvent fluids .' > 
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salt and the water remain michaD^ed ; and if tou were to separate 
them by eraporatiDg^ the latter, yoo would find the salt in the same 
state as before. 

Emily, 1 suppose that water is a solvent for solid bodies, and ca- 
loric for lianids ? ^ 

Mrs. B, Liquids of coarse can only be converted into vapour by 
caloric. But the solvent power of this agent isjiot at all confined 
to that class of bodies ; a great variety of solid substances are dis- 
solved by heat ; thus metals, which are insoluble in water, can be 
dissolved by intense heat, being first fused or converted into a li- 
quid and then rarefied into an invisible vapour. Many other bod-, 
ies, such as salt, gums, &c. yield tn either of these solvents. 

Caroline, And that, no doubt, is the reason why hot water will 
melt them so much better than cold water. 

Mrs, B. It is so. Caloric may, indeed be considered as having 
in every instance, some share in the solution of a body by water, 
since water, however low its temperature may be, always contains 
more or less caloric. 

Emdy. Then, perhaps, water owes its solvent power merely to 
the caloric contained in it. 

Mrs. B, That, probably^; would be carrying the speculation too 
hr ; I should rather think that water and caloric unite their efforts 
to dissolve a body, and that the difficulty or facility of effecting this, 
depend both on the degree of attraction of aggregation to be over- 
come, and on the arrangement of the particles which are more or 
less disposed to be divided and penetrated by the solvent. 

Ewily, But have not all liquids the same solvent power as water? 

Mrs, B. The solvent power of other liquids varies according to 
their nature, and that of the substances submitted to their action. — 
Mobt of these solvents, indeed, differ essentially from water, as they 
do not merely separate the integrant particles of the bodies which 
they dissolve, but attack their constituent principles by the power 
of chemical attraction, thus producing a true decomposition These 
more complicated operations we must consider in another place, and 
confine our attention at present to the solutions by water and ca- 
loric. 

Caroline, But there are a variety of substances which, when dis- 
solved in water, make it thick and muddy, and destroy its transpa- 
rency. 

Mrs. B. In this case it is not a solution, but simply a mixture*. 
I shaU show you the difference between a solution and a mixture, 
by putting some common salt into one glass of water, and some 
powder of chalk into another ; both these substances arc white, but 
their effect on the water will be very different. 

Caroline, Very different, indeed ! The salt entirely disappears 



236. After salt has been disserved in water, can they be separated 
so as to have the salt in the same state, as before it was dissolved f* 
By what means ? 

237. Has caloric any influence in the solution of a body by water? 

238. On what does the difficulty or facility of dissolving bodies 
depend ? 

239. Have all liquids the same solvent power as water ? 

240. How do these solvents differ from water ? 

241. What is the difference between a solution and a mixture - 
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and leave the water transparent, irhilst the chalk changes it into 
an opaque liquid like milk. 

Emily. And would lumps of chalk and salt produce similar effects 
on water '" 

Mrs. B. Yes, but not so rapidl? : salt is, indeed, soon melted, 
though in a lamp : but chalk, which does not mix so readilj with 
water would require a much greater length of time ; I therefore 
preferred showing ^ou the experiment with both substances redu- 
ced to powder, which does not in any respect alter their nature, but 
facilitates the operation merely by presenting a greater quantity of 
surface to the water. 

I must not forget to mention a yery curious circumstance res- 
pecting solution, which is, that a fluid is not nearly so much in- 
creased in bulk bv holdinr a body in solution, as it would be, by 
mere mixture with the body. 

CaroHne. How is that possible ? for two bodies cannot exist to- 
gether in the same space. 

Mn, B. Two bodies may, by condensation, occupy less space 
when in union than when separate, and this I can show yon by an 
easy experiment. 

This phial which contains some salt, 1 shall fill with water, pour- 
ing it in quickly, so as not to dissolve much of the salt ; and when 
it is quite full I cork it. If I now shake the phial till the salt is dis- 
solred, you will observe that it is no longer full. 

Caroline. I shall try to add a little mdre salt. But now yon see 
Mrs. B. the water runs over. 

Mts. S. Yes ; but observe that the last quantity of salt you put 
in remains solid at the bottom, and displaces the water ; for it nas 
already melted ^11 the salt it is capable of holding in solution. This 
is called the point ot$aturaUon; and the water in this case i» said to 
be saturated with salt. 

Emily. I think I now understand the solution of a solid body by 
water perfectly ; but I have not so clear an idea of the solution of a 
liquid by caloric. 

Mrs. B. It is probably of a similar nature^ but as caloric is an 
invisible fluid, its action as a solvent is not so obvious as that of wa- 
ter. Caloric, we may conceive, dissolves water and converts it in- 
to vapour by the same process as water dissolves salt ; that is to say, 
the particles of water are so minutely divided by the caloric as to 
become invisible. Thus, you are now enabled to understand why 
the vapour of boiling water, when it first issues from the spout of a 
kettle is invisible ; it is so, because it is then completely dissolv- 
ed by caloric. But the air with which it comes in contact, being 
much colder than the vapour, the latter yields to it a quantity of 
its caloric. The particles of vapour being thus in a good measure 
deprived of their solvent, gradually collect, and become visible in 
the form of steam, which is water in a state of imperfect solution ; 
and if you were further to deprive it of its caloric, it would return 
to its original liquid state. 



242. Are fluids equally increased in bulk by the solution and the 
mixture of a solid? 

f43. What experiment proves that they are not ? 

244. When is a solvent saturated ? 

246. Why is vapour less visible on first rising from a liquid, than 
after having ascended a distance from it ? 
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Caroline. That I understand verr well. If jou hold a gold plate 
over a tea-urn, the steam issuing nrom it frill be immediately con- 
verted into drops of water by parting with its caloric to the plate ; 
but in what state is the steam when it becomes invisible by being 
diffused in the air .^ 

Mrs. B, It IS not merely diffused, but is again dissolved bv the air. 

Emily. The air, then, has a solvent power, like water and caloric. 

Mrs. B, This was formerly believed to be the case. But it ap- 
pears from more recent enquiries that the solvent power of the at- 
mosphere depends solely upon the caloric contained m it Sometimes ^ 
the watery vapour diffused in the atmosphere is but imperfectly dis- 
solved, as is the case in the formation of clouds and fogs ; but if il 
gets into a region sufficiently warm, it becomes perfectly invisible.'. 

Emily. Can any water be dissolved in the atmosphere without 
having been previously converted into vapour by boiling ? 

Mrs. B. Unquestionably : and this constitutes the difference 
between vaporization and evaporation Water, when heated to the 
boiling point, can no longer exist in the form of water, and must 
necessarily be converted into vapour or steam, whatever may be 
the state and temperature of the surrounding medium ; this is called 
vaporization. But the atmosphere, by means of the caloric it con- 
taiuB, can take up a certain portion of water at any temperature, 
and hold it in a state of solution. This is simply evaporation. Thus 
the atmosphere is continually carrying off moisture from the sur- 
face of the earth, until it is saturated with it. 

Caroline. This is the case, no doubt, when we feel the atmos- 
phere damp. 

. Mrs. B. On the contrary, when the moisture is well dissolved it 
occasions no humidity ; it is only when in a state of imperfect so* 
lution and floating in the atmosphere, in the form of waterv vapour, 
that it produces dampness. This happens more frequently in win- 
ter than in summer ; for the lower the temperature of the atmos- 
phere, the less water it can dissolve ; and in reality it never con- 
tains so much moisture as in a dry, hot, summer*s day. 

Caroline. You astonish me ; but why. then, is the air so dry in 
frosty weather, when its temperature is at the lowest ? 

Emily. This, I conjecture, proceeds not so much from the mois- 
ture being dissolved, as from its being frozen \* is not that the case ^ 

Mrs. B. It is ; and the freezing of the watery vapour which the 



* In cold climates, where there is not a cloud to be seen, and the 
sun rises in all his glory, the air is sometimes full of little particles 
of ice elistening in every direction, and forming a most beautiful 
spectacle. This is owing to the condensation, and freezing of the 
particles of water in the air, by the intense cold. — C. 



246. Upon what does the solvent power of the atmosphere depend? 

247. What causes fogs ? 

248. What is the difference between vaporation and evaporizatiooi' 
249- Why does the atmosphere sometimes feel damp ? 

250. When does the atmosphere contain most moisture, in sum- 
mer or winter ? 

251. Why is the air so dry in frosty weather ? 

252. How is frost produced ? 

6 
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atmospheric beat could not diKsoIve, produces wbat is called a hoar 
frost ; for the particles descend in freezing', and attach theraselres 
to whatever they meet with on the surface of the earth. 

The tendency of tree caloiic to an equilibrium, together with its 
solvent power, are likewise connected with the phenomena of rain, 
of dew, &c- When most air of a certain temperature happens to 
pass through a cold region of the atmosphere, it parts with a por- 
tion of its heat to the surrounding air ; the quality of caloric, there- 
fore, which served to keep the water in a state of vapour, being di- 
minished, the watery particles approach each other, and form them- 
selves into drops of water, which, being heavier than the atmosphere 
descend to the earth. Thare are also other circumstances, and 
particularly the variation in the weight of the atmosphere, the 
changes which take place in its electrical state. Sec, which may 
contribute to the formation of rain. This, however, is an intricate 
subject, into which we cannot more fully enter at present. 

Emily, In what manner do you account for the formation of dew ? 

Mrs. B, Dew is a deposition of watery particles or minute drops 
from (he atmosphere, precipitated by the coolness of the evening. 

Caroline This precipitation is owing, I suppose, to the cooling 
of the atmosphere, which prevents its retaining so great a quantity 
of waierv vapour in solution as during the heat of the day. 

Mn. B. Such was. from time immemorial, the generally received 
opinion respecting the cause of dew : but it has been very recently 
proved by a course of ingenious experiments of Dr. Wells, that the 
deposition of dew is produced by the cpoling of the surface of the 
earth, which be has shown to take place previously to the cooling 
of the atmosphere ; for on examining the temperature of a plot of 
grass just before the dew-fall, he found that it was considerably 
o«Ider than the air a few feet above it, from which the dew was 
sltortly after precipitated. 

Emily. But why should the earth cool in the evening sooner than 
thQ-atmosphere ? 
'* Mrs. B. Because it parts with its beat more readily than the air; 
the earth is an excellent radiator of caloric, whilst the atmosphere 
does not possess that property, at least in any sensible degree. To- 
wards evening-, therefore, when the solar heat declines, and when 
after sun set it entirely ceases, the earth rapidly cools by radiating 
heat towards the skies; whilst the air has no means of jsarting with 
its heat hut by coming into contact with the cooled surface of •the 
earth, to which it communicates its caloric. Its solvent power be- 
ing thus reduced, it is unable to retain so large a portion of watery 
vapour, and deposits those pearly drops which we eali'dew. 

JEm%. If this be the cause of dew, we need not be apprehensive 
of receiving any injury from it ; for it can be deposited only on sur-* 
faces that are colder than the atmosphere, which is never the case 
with our bodies. 

Mtm. B. Very true ; yet I would not advise yon for this reason to 



253 How is rain formed P 

254. In what manner do yon account for the formation of deir ? 
^5. To what is the precipitation owing that takes place in th« 
production of dew ? 

356. Why does the earth cool sooner in the evening than the at- 
mosphere ? 
257. Wbat ill effects may result from dew to healtb? 
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fie too coofident of escaping all the ill effects which may arise from 
iexposore to the dew ; for it may be deposited on your clothes, and 
cfaiil you afterwards by its evaporation from them. Besides, when- 
ever ,the dew is copious, there is a chill in the atmosphere which is 
not always safe to encounter. 

Caroline. Wind, then, should promote the deposition of dew, by 
bringing a more rapid succession of particles of air in contact witli 
the earUi. just as it promotes the cooling of the earth and warming 
of the atmosphere during the heat of the day ? 

Mrs. B. This may be the case in some degree, provided the agi-' 
tation of the air be not coosiderable ; for when the wind is strong, 
it is found that less dew is deposited than in calm weather, especial- 
ly if the atmosphere be loaded with clouds. These accumulations 
of moisture not only prevent the free radiation of the earth towards 
the upper regions, but themselves radiate towards the earth ; for 
which reasons much less dew is formed than on fine clear nights, 
when the radiation of the earth passes without obstacle through the 
atmosphere to the distant regions of space, whence it receives no 
caloric in exchange. The dew continues to be deposited during the 
night, and is generally the most abundant towards morning when 
the contrast between the temperature of the earth, aud that of the 
air IS greatest. After sunrise the equilibrium of tem,>erature be* 
tween those two bodies is gradually restored by the solar rays pass- 
ing freely through the atmosphere to the earth j and later in the 
morning the temperature of the earth gain^^ the ascendancy, and 
gives out caloric to the air by contact, in the same manner as it re- 
ceives it from the air during the night. 

Can you tell me, now, why a bottle o^ wine taken fresh from the 
cellar (in summer particularly,) will soon be covered with dew ; 
and even the glasses into which the Wine is poured will be mois- 
tened with a similar. vapour ? 

Emily. The bottle being colder than the surrounding air, must 
absorb caloric from it ; the moisture, therefore, which that aircon« 
tained becomes visible, and forms the dew which is deposited on 
the bottle. 

Mrs. B. Very well, Emily. Now, Caroline, can you inform me 
why, in a warm room, or close carriage, the contrary effect takes 
place : that is to say, that the inside of the windows is covered with 
vapour? 

Caroline. I have heard that it proceeds from the breath of those 
withiri the room or the carriage ; and I suppose it is occasioned by 
the windows which, being colder than the breath, deprive it of part 
of itf caloric, and bv this means convert it ipto watery vapour. 

Mrs. B. You have both explained it extremely well Bodies at- 



258. When does wind promote the deposition ot dew ? 

259. Why does more dew accumulate in a clear night than when 
it is cloudy ? 

260. When is the dew most abundant, and why is it then most 
abundant i^ 

2b I. Why is a tumbler or bottle filled with cold water covered 
with moisture in a warm day ? 

262. Why in a warm room or in a close carriage does moisture 
collect on t^e inside of the windows .'' 

263. Why does less dew collect on rocks and sands, than on grass 
and vegetables ? 
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tract dew in proportion as thej^ are good radiators of caloric, as it is 
this quality which reduces their temperatare below that of the at-> 
. mosphere ; hence we find that little or no dew is deposited on 
rocks, sand, or water ; while grass and living vegetables, to which 
it is so highly beneficial, attract it in abundance— another remark- 
able instance of the wise and bountiful dispensations of Providence. 

EmU^, And we may again observe it in the abundance of dew in 
summer, and in hot climates, when its cooling effects are so much 
required ; but I do not understand what natural cause increases 
the dew in hot weather ? 

J^rs. B, The more caloric the earth receives during the day , the 
more it will radiate aftei wards, and consequently the more rapidly 
its temperature will >>e reduced in the evening, m comparison to 
that of the atmosphere. In the West Indies especially, where the 
intense heal of the day is strongly contrasted with the coolness of 
the evening, the dew is prodigiously abundant. During a drought, 
the dew i^ less plentiful, as the earth is not sufficiently supplied 
with mois ure to be able to saturate the atmosphere. 

Carolint. 1 have oftfu observed, Filrs. B., that when 1 walk out 
in frosty weatlkir, with a veil over my face, my breath freezes upon 
it. Pray what is the reason of that ? 

Mrs. B. It is because the cold air immediately seizes on the calo- 
ric of your breath, and, by robbing it of its solvent, reduces it to a 
denser fluid, which is the watery vapour that settles on your veil, 
and there it continues parting with its calorie till it is brought down 
to the temperature of the atmosphere, and assumes the form of ice. 

Yuu may, perhaps, have observed that the breath of animals, or 
rather the moisture contained in it. is visible io damp weather, or 
durrnga frost. In the former case, the atmosphere being oversatu- 
rated with moisture, can dissolve no more. In the latter, the cold 
condenses it into visible vapour ; and for the same reason, the steam 
arising from water that is warmer than the atmosphere, becomes 
visible. Have you never taken notice of the vapour rising from 
your hands after having dipped them loto-warm water } 

Caroline. Frequently, especially in frosty weather. 

Mrs.B. ^Ve have already observed that pressure is«an obstacle 
to evaporation .• there are liquids which contain so great a quantity 
of caloric, and whose particles consequently adhere so sli&;'htly to- 
gether, that they may be rapidly converted into vapour without any 
elevation of temperature, merely by taking off the weight of the at- 
mosphere. In such liquids you perceive, it is the pressure of the 
atmosphere alone that connects their particles, and keeps them in 
a liquid state. 

Caroline, I do not well understand why the particles of such flu- 
ids should be disunited and converted into vapour, without any el- 
evation of temperature, in spite of the attraction of cohesion. 

Mrs, B, It is because the degree of heat at which we usually 

264. Why does more dew collect in summer and in cold climates, 
than in winter and warm climates ? 

265. Why is there a small quantity of dew in a time of drought ? 

266. Why is the moisture contained in the breaA of animals vi- 
sible in damp weather, or during a frost ? 

267. How are certain liquids, which contain a great degree of ca- 
loric, ooDyected into. vapour, without any increase of temperature ? 
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obserre these flaids issnffieieiit to oTercome their attraction of co- / 
hesioD. Ether is of this deBcriptioD ; it will boil aDd be converted / 
into yapoar, at the common temperature of the air, if the pressure ^ 
of the atmosphere be taken off. -. 

Emily. I thought that ether would evaporate without either the • 
pressure of the atmosphere being* taken away, or heat applied ; and 
that it was for that reason so necessary to keep it carefuUv corked 
up. 

Mrs, B. It is true it will evanorate. but without ebullition ; what 
I am now speakings of is the vaporization of ether, or its conversion 
into vapour by boiliogf. I am ^oin^ to show you how suddenly rhe 
ether in this phial will be converted mto vapour, by means of the 
air pump — Observe with what rapidity the bubbles ascend, as I 
take off the pressure of the atmosphere.' 

Caroline. It positi?ely boils ; how singular to see a liquid boil 
without heat ! , 

Mn B, Now I Yig. 7 

shall place the phial Pneumatic Pump. 

of ether in this glass, 
which it nearly fills, 
so as to leave only a 
small space,whtch I 
fill with water ; and 
in this state I put it 
again under the re- 
ceiver.* — You will 
observe, as I ex- 
haust the air from 
it, that whilst the 
ether boils, the wa- 
ter freezes ! 

Caroline, It is in- 
deed wonderful to 
see water freeze in 
contact with a l^oil- 
ing fluid! 

Emily. I am at a 
loss to conceive how 
the ether can pass to 
the state of vapour, 

without an addition pjp. 7 jther evaporated, and water froaen in the air puii.p.-A 
of caloric. Does it Pbial of Ether.— -B. 61a» tcsmI containing water — C. C. Tbef- 
not contain more '"''™^'"< °°^ 1° ^^^ Ether, the other in the water. 

9aloric in a state of vapour, than in a state of liquidity .'* 

* Two pieces of thin glass tubes, sealed at one end, might answer 
this purpose better. The experiment, however, as here described, 
is difficult, and requires a very nice apparatus. But if, instead of ' 
phials or tubes, two watch glasses boused, water may be frozen al- 
most instantly hi. the same manner The two glasses were placed 
over oneanother,with afew drops of water interposed between them, 
and the uppermost glass is filled with ether. After working the 

268. How can ether be made to boil without the application of 
caloric ? 

269. How is the experiment made ? 
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Jin* B, It certainly does : for thoag^b it is the pressure of the 
istmosphere which condenses it into a liquid, it is by forcing ont the 
caloric that belongs to it when in an aeriform state. 
! Emily ' You have therefore, two difficulties to explain, Mrs. B. 
First, whence the ether obtains the caloric necessary to conyert it 
into yapour, when it is relieved from the pressure of the atmosphere? 
and, secondly, what is the reason that the water, in which the bot- 
tle of ether stands, is frozen ? 

Caroline* Now, I think I can answer both these questions. The 
ether obtains the addition of caloric required, from the water in the 
glass ; and the loss of the caloric which the latter sustains, is the oc- 
casion of its freezing. 

Jllrs. B. You are perfectly right ; and if you look at the ther- 
mometer which I have placed in the water, whilst 1 am working 
the pump, you will see that every time bubbles of vapour are pro- 
duced, the mercury descends ; which proves that the beat of the 
water diminishes in proportion as the ether boils. 

Emily* This 1 understand now very well; but if the water freezes 
in consequence of -yielding its caloric to the ether, the equilibrium 
of beat must., in this case be totally destroyed. Yet you have told 
us, that the exchange of caloric between two bodies of equal tem- 
perature, was always equal ; how, then, is it that the water, which 
was originally of the same temperature as the ether, gives out calo- 
ric to it, till the water is frozen and the ether made to boil ? 

i/tfrf B' 1 suspected that you would make these objections ; and, 
in order to remove them, 1 enclosed two thermometers in the air- 
pump ; one of which stands in the glass of water, the other in the 
phial of ether; and you may see that the equilibrmm of tempera- 
ture is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ether sinks in the same manner ; so that both ther- 
mometers indicate the same temperature, though one of them is in 
a boiling, the other in a freezing liquid. 

Emily. The ether, then, becomes colder as it boils f This is so 
contrary to common experience, that I confess it astonishes me ex- 
ceedingly. , 

Caroline, It is, indeed, a most extraordin0t*y circumstance. But 
pray how do you account for it f 

Jars. B. I cannot satisfy your curiosity at present ; for before 
we can attempt to explain this apparent paradox, it is necessary to 
become acquainted with the subject of latent, heat : and that, I 
think, we must defer till our next interview 

Caroline, I believe, Mrs. B., that you are glad to put off the ex- 
planation ; for it must be a ver> difficult point to account for. 

Jdr». B. I hope, however, that 1 shall do it to your complete sat- 
isfaction. 

Emily But before we part, give me leave to ask you one ques- 



270 In what state does ether exist when the pressure of the at- 
mosphere is taken off P 

271 Why does the evaporation of ether freeze water ? 

272. What experiment is made with water and ether, and two 
(hermometers P 
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(ion. Would not water, as well as ether, boil with less heat, if de- 
prived of the pressure of the atmosphere ? 

.4/r«. B. Undoubtedly You must always recollect that there 
are two forces to overcome, in order to make a liquid boil or evap- ^ 
orate ; the attract on of a^reg^atioo, and the weigfht of theatmos- 
phere. On the summit of a hig'h mountain (as M. De Saussure as- 
certained on Mount Blanc,] much less heat is required to make 
water boil, than in the plain where the weig'htof the atmosphere is, 
greater.* Indeed, if the weight of the, atmosphere be entirely re^ 
moved by means of a good air-T^ump, and if water be placed in the^' 
exhausted receiver, it will evaporate so fast, however cold it may' 
be, as to give it the appearance of boiling from the surface. But. 
without the assistance of the air-pump, I can show you a very pret- 
ty experiment, which proves the effect of the pressure of the at-; 
mosphere in this respect. , 

Observe that this Florence flask is about half full of water, and 
the upper half of invisible vapor, the water being in the act of boil- 
ing. 1 take it from the lamp, and cork it carefully — the water, you 
see, immediately ceases boiling. 1 shall now dip the flask into a 
basin of cold waler.f 

Caroline. But look Mrs B. the water begins to boil again, al- 
though the cold water must rob it more and more of its caloric ! 
What can be the reason of that f 

Mrs, B. Let us examine its temperature. ' You see the thermom- 
eter immersed in it remains stationary at 180 degrees, which is 
about 30 degrees below the boiling point. When I took the flask 
from the lamp, I observed to you that the upper part of it was fill- 
ed with vapor ; this being compelled to yield its caloric to the cold 
water, was again condensed into water. What then filled the up- 
per part of the flask ? 

Emify. Nothing ; for it was too well corked for the air to gain 
admittance, and therefore, the upper part of the flask must be a 
vactium 

Mrs. B. The water below, therefore, no longer sustains the 
pre>sure of the atmosphere, and will consequently boil at a much 
lower temperature. Thus, you see, though it had lost many degrees 
of heat, it began boiling again the instant the vacuum was formed 
above it. The boiling has now ceased, the temperature of the water 

* On the top of Mount Blanc, water boiled when heated only to 
187 degrees, instead of 212 degrees. 

f The same effect may be produced by wrapping a cold wet linen 
cloth round the upper part of the flask. In order to show you how 
much the wat^ cools whilst it is boiling,a thermometer graduated on 
the tube itself, may be introduced into the bottle through thecork.-C 



273. What two forces are to be overcome in order to make a li- 
quid boil or evaporate P 

274. Why does it require the application of less caloric to boil 
water on a high mountain than on low land ? 

375. What is the appearance of water when placed in an ex- 
hausted receiver ? 

276. What experiment is mentioned to show how the boiling of 
liqaida is effected by atmospherical pressure } 
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being still farther reduced ; if it had been ether instead of water, it 
woukl have continued boiling much longer, for ether boils under 
the usual atmospheric pressure, at a temperature as low as lOO de- 
grees ; and in a vacuum it boils at almost any temperature ; but 
water being a more dense fluid, requires a more considerable quan- 
tity of caloric to make it evaporate quickly, eren when the press^ 
ure of the atmosphere is removed. 

JEJm%. What proportion of vapour can the atmosphere contain 
in a state of solution ? 

Mti B. I do not know whether it has been exactly ascertained 
by experiment { but at any rate this proportion must vary, accord- 
ing to the temperature of the atmosphere ; for the lower the tem- 
perature, the smaller must be the proportion of vapor that the at- 
. mospbere can contain. 

To conclude the subject of free caloric, I should mention Ignition^ 
by which is meant that emission of light which is produced in *ibd- 
' ies at a ver^high temperature, and which is the effect of accumu- 
lated calonc 

Emily, You mean, I suppose, that light which is produced by a 
burning body. 

Mrs. B. rjo ; ignition is quite independent of combustion — 
Clay, chalk, and indeed all incombustible substances may be made 
red hot. When a bodv burns, the light emitted is the effect of a 
chemical change which takes place, whilst ignition is the effect of 
caloric alone, and no other change than that of temperature is pro- 
duced in the ignited body. 

All solid bodies, and most liquids, are susceptible of ignition, or 
in other words, of being heated so as to become luminous ; and it is 
remarkable that this takes place pretty nearly at the same tempera- 
ture in all boQies, that is, at about 809 degrees of Fahrenheit's scale. 

Emily, But how can liquids attain so high a temperature, without 
being converted into vapour ? 

Mrs. B. By means of confinement and pressure. Water confin- 
ed in a Rtrong iron vessel (called Papin's digester.) can have its 
temperature raised to upwards of 400 degrees. Sir James Hall has 
made some very curious experiments on the effect of heat assisted 
by pressure ; b^ means of strong gun barrels, he succeeded in melt- 
ing a variety of substances which were considered as infusible ; and 
it is not unlikely that, by similar methods, water itself might be 
heated to redness. 

Emily. 1 am surprised at that ; for I thought that the force of 
steam was such as to destroy almost all mechanical resistance. 

Mfs. B, The expansive force of steam is prodigious ; but in or- 
der to subject water to such high temperature, it is prevented by 
confinement from being converted into steam, and the expansion of 

277. What proportion of vapour can the atmosphere contain in a 
state of solution ? 

278. What is meant by ignition ? 

279. How does ignition vary from combustion ? 

280. Are liquids susceptible of ignition .' 

281. At what temperature does ignition take place .'^ 

283. How can they attain so high a temperature, without being 
converted into vapour ? 
283. What experiments were made by Sir James Hall ? 
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beated water is comparatively trifling. Bat we bare dwelt so long 
OQ the subject of free caloric, that we must reserre the other mod- 
ifications of that agent to our next meeting, when we shall endeav- 
ar to proceed more rapidly. 



CONTERSATIOir IV. 

ox COMBINED CALORIC, COMPREHENDING SPECIFIC AND LA- 
TENT HEAT. 

Mr9. B, We are now to examine the other modifications of ca- 
loric 

Caroline, I am very curious to know of what nature they can 
be : for 1 have no notion of any kind of heat that is not perceptible 
to the senses. 

Mrs, B, In order to enable you to understand them, it will be 
necessary to enter into some previous explanations. 

lit has been discovered by modern chemists, that bodies of a dif- 
ferent nature, heated to the same temperature, do not contain the 
same quantity of caloric. ' 

Cnroline, How could that be ascertained ? Have you not told 
us thai it is imfiossible to discover the absolute quantity of caloric 
which bodies contain ? 

Mrs, B. True ; but at the same time I said that we were enabled 
to form a judgment of the proportion which bodies bore to each oth- 
er in this respect Thus it is found that, m order to raise the tem- 
perature of different bodies the same number of degrees, different 
quantities of caloric are required for each of them. If for in- 
stance, you place a pound of lead, a pound of chalk, and a pound 
of milk, in a hot oven, they will be gradually heated to the tempe- 
rature of the oven ; but the lead will attain it first, the chalk next, 
and the milk last. ; 

Caroline, That is a natural consequence of their different bulks ; 
the lead being the smallest body, will be heated soonest, and ,the 
milk, which is the largest, will require the longest time. 

Mrs.B. That explanation will not do; for if the lead be the 
least in bulk, it offers also thf* least surface to the caloric, the quan- 
tity of heat therefore, which can enter into it in the same space of 
time i<« proportionally smaller. 

Emily. Why, then, do not the three bodies attain the temperature 
of the oven at the same time ? ' 

Mrs, B. It is supposed to be on account of the different capaci- 
ties of these bodies for caloric. 

Caroline. What do yon mean by the copaeiiy of a body for ca- 
loric ? 



284. Do bodies of a different nature heated to the same tempera- 
tare contain equal quantities of caloric f 

886. What facts illustrative of this case mentioned of lead, chalk 
and milk ? 
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Mrs, bAi mean a certain disposition of bodiies to reqnire more or 
less caloric for raising their temperature to any degree of beat.-^ 
Perhaps the fact may be thus explained : 

Let us put as many marbles into this glass as it will contain, and 
pour sand over them— observe hovr the sand penetrates and 
lodges between them. We shall now fill another glass wiih pebbles 
of various formd — you see that they arrange themselves in a more 
compact manner than the marbles, which being globular, can touch 
each other by a single point only. The pebbles, therefore, will not 
admit so much sand between them ; and consequently one of these 
glasses will oecessarily contain more sand than the other, though 
both of them be equally full. 

Caroline. This I understand perfectly. The marbles and the 
pebbles represent two bodies of different kinds, and the sand, the 
caloric contained in them ; and it appears very plain, from this com- 
parison, that one body may admit of more caloric between its par- 
ticles than another. 

J^rs. B, You can no longar be surprised, therefore, that bodies of 
a different capacity for caloric should require different proportions 
of that fluid to raise their femperatiires equally . 

Emily But I do not conceive whv the body that contains the 
most caloric should not be of the highest temperature ; that is to 
sa}', feel hot in pronortion to the quantity of caloric it contains. 

JSIth B ^The caioric that is employed in filling the capacity of a 
body is not free caloric ; but is imprisoned as it were, in the body, 
and is therefore, imperceptible y for we can feel only the caloric 
which the body parts with, and not that' which it retains. 

Caroline, It appears to me very extraordinary, that heat should 
be confioed'in a body in such a manner as to he imperceptible. 

Mrs, B. If you lay your hand on a hot body, you feel only the 
caloric which leaves it. and enters your halhd ; for it is impossible 
that you should be sensible of that which remains in (he body .The 
thermometer m the same manner, is effected only by the free calor- 
ic which a body transmits to it, and not at all by that which it does 
DOt part with. 

Caroline. I begin to under<;tand it : but I confess that the idea of 
insensible heat is so new and strange to me, that it requires some 
time to render it familiar. 

Mrs. B Call it insensible caloric, and the difficulty will appear 
much less formidable. It is indeed a sort of contradiction to call it 
heat, when it is so situated as to be incapable of pnKlucing that sen- 
sation. Tet this modification of caloric is commonly called spec ef- 

IC HEAT 

Caroline But it certainly would have been more correct to have 
called it specific caloric. 



286. What is to be understood by the capacity of a body for ca- 
loric ? 
2B7 How is this fact explained ? 

288. Why do not bodie« that contain most caloric feel hot in pro- 
portion to the quantity of caloric they contain ? 

289. When a body transmits caloric to a thermometer, is the 
thermometer effected by what remains in the body ? 

290. What is the imperceptible heat which bodies contain called ? 
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Emify. I do not anderBtaDd how the term specific applies to this 
modification of caloric. 

rs B. It expresses the relative quantity of caloric which dif- 
ferent species of bodies of the same weight and temperature are ca- 
pable of cootaining. This modification is also frequently called 
heat of capacity y a term perhaps preferable, as it explains better its 
own meaning. 

You now understand, I suppose, why the milk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of the OTCn ? 

Kmiiy. Yes ; the milk and ctialk having a greater capacity for 
caloric than the lead, a greater proportion of that fluid became in- 
sensible in those bodies ; and the more slowly, therefore, their tem- 
perature was raised. 

Caroline. But might not this difference proceed from the differ- 
ent conducting powers of heat in these three bodies, since that which 
is the best conductor roust necessarily attain the temperature of 
the oven first ? 

JUrs. B Very well obsenred, Caroline. This objection would be 
insurmountable if we could not, by reversing the experiment, prove 
that the milk, the chalk, and the lead, actually absorbed different 
quantities of caloric, and we know that if the different time they 
took in heating, proceeded merely from their different conducting 
powers, they would each have acquired an equal quantity of caloric. 

Caroline. Certainly. But how can you reverse this experiment ? 

•Mrs B. li may be done by cooling the several bodies to the 
same degree, in an apparatus adapted to receive and measure the 
caloric which they give out. Thus, if you plunge them into three 
equal quantities of water, each at the same temperature, you will 
be able to judge of the relative quantity of caloric which the three 
bodies contained, by that, which, in cooling, they communicated to 
their respective portions of water ; for the same quantity of caloric 
which they each absorbed to raise their temperature, will abandon 
them in lowering it : and, on examining the three vessels of water, 
yon will find the one in which yoii immersed the lead to be the 
least heated ; that which held the chalk will be the next; and that 
which contained the milk will be heated the most of all. The cel- 
ebrated Lavoisier has invented a machine to estimate, upon this 
rrinciple, the specific heat of bodies in a more perfect manner ; but 
cannot explain it to you, till you are acquainted with the next 
modification of caloric. 

Emily, The more dense a body is, I suppose, the Jess is its capa- 
city for caloric .^ 

Jtfrt. B. This is not always the case with bodies of different na- 
tare ; iron, for instance, contains more specific beat than tin, though 
it is more dense. This seems to show that specific heat deep not^ 
merely depend upon the interstices between the particles ; but 



291. Do all bodies of equal weight contain the samexapacity for 
caloric ? 

292. How is the experiment of the heated lead, chalk, and milk 

explained ? i • ^ 

293. How can we ascertain the capacity of a body for caloric ? 

294. On what is the capacity of caloric chiefly depending . 
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probably, al$o upon some pecaliar constitation of the bodies, wbich 
we do Dot comprehend. 

Emily. Bat, Mrs. B., it woald appear to me more oroper to com- 
pare bodies by meofure, rather than by wei^ht^ in order to estimate 
their specific heat W hy , for instance should we not compare pints 
of milk, of chalk and of lead, rather than pounds of those substan- 
ces ; for equal weights may be composed of very different quanti- 
ties ? ^. 

Jdr8» B. You are mistaken my dear; equal weight must contain 
equal quantities of matter ; and when we wish to know what is the 
relative quantity of caloric, which substances of various kinds are 
capable of containing under the same temperature, we roust com- 
pare equal weights, and not equal bulks, of those substances, j Bo- 
dies of the same weight may ondoul>tedly be of very different di- 
mensions ; but this does not 'change their real quantity of matter. 
A pound of feathers does not contain one atom more than a pound 
of lead. 

Caroline. I have another difficulty to propose. It appears to me 
that if the temperature of the three bodies m the oven did noi rise 
equally, they would never reach the same degree, the lead would 
always keep its advantage over the chalk and milk, and would, per- 
haps, be boiling before the others had attained the temperature of 
the oven. I think you might as well say that in the course of time, 
you and 1 shall be of the ^ame age. 

Mra. B. Tour comparison is not correct, Caroline. As soon as 
the lead reached the temperature of the oven, it would remain sta* 
tionary ; for it would then give out as much heat as it would receive. 
You should recollect that the exchange of radiatiog heat, between 
two bodies of equal temperature, is equal ; it would be impossible, 
therefore, for the lead to accumulate heat after having attained the 
temperature of the oven ; and that of the chalk and milk, therefore, 
would ultimately arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that as long as I 
live, I shall never cease to keep my advantage over you. 

Emilt/. 1 think that I have found a comparisoo for specific heat, 
which is very applicable Suppose that two men of eoual weight 
and bulk, but who require different quantities of fboa to satisfy 
their appetites, sit down to dinner, both equally hungry ; the one 
would consume a much grater quantity of provisions than the oth- 
er, in order to be equally satisfied. 

Mrt. B. Yes, that is very fair ; for the <][uantity of food necessa- 
ry to satisfy their respective appetites, varies in the same manner 
as the quantity of caloric requisite, to raise equally the temperature 
of different bodies. 

Emily, The thermometer, then, affords no indication of the spe- 
cific beat of bodies. 

Mrs. B, None at all ; no more than satiety is a test of the quan- 
tity of food eaten. The thermometer, as I have repeatedly said, can 



29&*. Why are not bodies compared by measure rather than 
weight to estimate their specific heat ? 

296. If different bodies have different capacities for caloric, why 
do they not rise to different temperatures in the same atmosphere .' 

297. Does the thermometer afford any indication of the specific 
beat of bodies ? ' 
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be sJected only by free caloric which alone raises the temperatore 
of bodies. 

But there is another mode of proving the existence of specific heat, 
which affords a very satisfactory illastration of that modification. 
This, however, I did not enlarge upon before, as I thought it might 
appear to you rather complicated. If yon mix two fluids of diffisrcmt 
temperatures, let us say the one at 60 degrees, and the other at 100 
degfrees, of what temperature do you suppose the mixture will be ? 

Caroline, It will be, no doubt, the medium between the two, that 
is to say, 75 degrees. 

JUrs. B. That will be the case if the two bodies happen to hare 
the same capacity for caloric ; but if not, a different result will be ob- 
tained. Thus, for instance, if you mix together a pound of mercury, 
heated at 60 degrees, and a pound of water heated at 100 degrees, ■ 
the temperature of the mixture, instead of beinr 76 degrees, will be 
80 degrees ; so that the water will have lost only 12 degrees, whilst 
the mercury will have gained 38 degrees ; from which you will con- 
clude that the capacity of mercury for heat is less than that of water. 

Caroline. I wonder that the mercury should have so little specific 
heat. Did we not see it was a much belter conductor of heat than 
water ? 

Jdn, B. And it is precisely on that account that its specific heat 
is less. For since the conductive power of bodies depends, as we 
have observed before, on their readiness to receive heat and part 
with it, it is natural to expect that those bodies which are the worst 
conductors should absorb tbe most caloric before they are disposed 
to part with it to other bodies. But let us now proceed to latent heat, 

Caroline. And pray what kind of heat is that ? 

Jlfr«. B. It is another modification of combined caloric, which is 
so analogous to specific heat, that most chemists make no distinc- 
tion between them ; but Mr. Pictet, in his Essay on Fire, has so 
clearly discriminated them, that I am induced to adopt his view of 
the subject. AWe therefore call latent heat that portion of insensi- 
ble caloric wotch is employed in changing the state of bodies ; tha(^ 
is to say, in converting solids into liquids, or liquids into vapour.; 
When a body changes its state from solid to liquid, or from liquid 
to vapour, its expansion occasions a sudden and considerable in- 
crease of capacity for heat, in consequence of which it immediately 
absords a quantity of caloric, which becomes fixed in the body it 
has transformed ; and, as it is perfectly concealed from our senses, 
it has obtained the name of latent heat. 

Caroline. I think it would be much more correct to call this mo- 
dification latent caloric instead of latent heat, since it does not ex- 
cite the sensation of heat. 

Jdrs. B. This modification of heat was discovered and named by 
Dr. Black long before the French chemists introduced the term calo- 
ric, and we must not presume to change it, as it is still used by much 



298. What other method is mentioned as proving the existence 
of Boecific heat ^ 

299. What will be the result as to temperature, if mercury heat- 
ed at 60, and water heated at 100 degrees be mixed together ? 

^. Why has mercurv so little specific heat? 
301 . What is latent caloric ? 

3Q2. What does the conversion of a solid to a liquid occasion f 
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belter cbemiite tbMi asnetvcn. Besides, jtoh are Bottosi{{>fK»e 
that the nature of beat is altered by being yariously modified : for if 
iMent heat and speoiftc heat do not excite the same seBsations as 
fnee caloric, ii is owiDg to their beiiiff in a state of confinement, 
irhicli pre?«itt8 tbem 'nrom actiog* upon our organs '/'and conse- 
<fBei^y, as soon as they are extricated from the body in which they 
are imprisoned, tbey return to their state of free caloric.) 

Emi^hi' But I ^ not yet clearly see in what respect latent beat 
differs from specific beat ; for tfafey are both of tiiem imprisoned 
and concealed in bodies. 

Jtfrt . B./ Specific heat is that which is employed in filling the ca- 
pacity of a body for caloric, in tiie state in which this body actually 
exists ; while latent heat is tl^at which is employed only in affiecting- 
a change of state, that is, in converting bodies from a solid to a li- 
quid, or from a lic^uid to an aeriform state."" But I think, that in a 
general point of new, bolh these modifications might be compre- 
hended under the name of A«at ofcapacify, as in both cases the ca- 
loric is equally engaged in filling the capacity of bodies, j 

I shall now show you an experiment, which I hope will g^re you 
a clear idea of what is understood by latent heat. 

The snow which you see in this phial has been cooled by certain 
cheBHoal means, (which I cannot well explain to you at present,] 
to ^ye or six degrees below the freezing point, as you will find in- 
dicated by the thermometer which is placed in it. We shall expose 
il to liie heat of a lamp, and you wHI see the thermometer gradual- 
ly rise, till it reaches the freezing point- 

Entity. Bat there it stops, Mrs. 6., and yet the lamp bums just 
as well as before. Why is not tts^heat communicated to the ther- 
mometer ? 

Caroime. And the snow begins to melt ; therefore it must be ri- 
sing aboYe the freezing point. 

Mrs. B. The heat no longer affects the thermometer, because it 
i^ wholly employed in converting the ice into water, As the ice 
melts, the caloric becomes kUent in the new formed liquid, and 
therefore cannot raise its temperature ; and the thermometer will 
consequently remain stationary, till the whole of the ice be melted. 

CoroMne. Because the conversion of the ice into water being 
completed, the caloric no longer becomes latent ; and therefore the 
heat which the water now receives raises its temperature, as you 
find the thermometer indicates. '■ 

Emily. But I do not think that the thermometer rises so quickly 
in the water as it did in the ice, previous to its beginning to melt 
though the lamp burns equally well. 



303. What is (he consequence if latent and specific heat are ex- 
tricated from the body in which they are imprisoned ? 
904. What is the difference between specific heat and latent heat? 

306. By what name is it thought they may both be called ? 
306a. Why does not the thermometer rise in a warm room when 

its bulb is in a piece of ice ? 

*** l?rT^ J* experiment may be seen the existence of latent heat? 

307. Why does the thermometer begin to rise as soon as the ice 
is melted ? 



w^'"'; "S.'u'^^** ^ ^'^^ ^o **»* differed v^iAa but of ke smd/ 
waiery The ca^iacUy of water for caJoric being greaJ^r thaa that? 
*K« #t' ™*"'® *^®** "^ re^uirecl to raise its temperature, and therefore 
cnetbermoflaeter rises sloveer in thi& water than it did in the ice.; 

Dacir f " w^^ * ^°" ***^ ^^^^ * ^^^ ^^y alwajrs increased its ca- 
pacuy lor beat by beccMDoing fluid, aad tbis is an mstaacje of it 

#.^» ^** ^®® ' ^^ ***® ***^^** ^»^ " ^*>** which, is absorbed in 
consequence of the greats capacity which tho water bas for heat, 
mcoinpansontoice. 

I must ^ow tell you a curious caleuhution foivaded on thai consi- 
aeration. ( I have before observed to you, that though the thermo- 
meter shows us the comparative warmth of bodies, and enables us 
^' ^tennme th e same pmnt at dfeSereftt times and places, it gives 
HhBiWnfte ouatttity of hieat in any hody.> We cannot 
"""^te kA by the privation of all heat, but an at- 
'-^^r it i& the following manner. It has 
' ^t the capacity of wpitcr for h«at, 
^ 10 to 9 ; so that, at the same 
'^lorio iess than water. By 
r to melt ice, there must- 
did not melt it, raise its 
of heat is, therefore, ab- 
i into water, is made to 
d before. Therefore 140 
laea m ice at ou aegrees ; 
vationof heat, must conse- 

33.f 

I question is ingenious, but 
rnilar catculatio&s for other 
icated by this method in vur 
other ; it is, however, possi- 
-foction in the experiments. 
— but we must now attend 
ter begins to boil, and the 

urn to explain the phenom- 



?T^*- . 268 of heat more than is indi- 

cated bj the t. 

t 'This calculatio- r Irvine. Dr. Crawford af- 

terwards placed the rci** deerees below the of Fah- 

renbeit. Still later, Mr. 1^- s turned his attention to the 

!^^ subject. The mean of his e^^ erimenta places the real zero 
6000 degrees below the freezing point ' All this goes to show that 
very little bas yet been demonstrated q^j this difficult question.— .C 

308. Why does the thermometer ^igg glower in the water than it 
did in the ice ? 

309. Since a thermometer does u^^^.^-p5^te the absolute qiianti- 

^^ SlP^^^,^i<^ <^ontSLmed in a^^^^P^y, ^ hat is its use ? 

310. How much latent h^at does ^^ter contain ? . .. ^ 

311. How much heat must be a^a^d to ice in order to melt it ? 
312^ What v^as proposed by Dr^^ Crawford, and by Dr, DtdUm, 

OM iojizing the real zero ? ** ./ » 
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Caroline, it is wonderfully carious ! Tbe caloric is now busy iff 
cbang^ioe the water into steam, in which it hides itself, and becomes 
insensible. This is another example of latent heat,lfrroducing a 
change of form. At first it converted a solid body intjp a liquidyand 
now it turns the liquid into vapour ! 

Jdra. B. You see, my dear, how easily you have become ecquain- 
ted with these modifications of insensible heat, which at first ap- 
peared so unintelligible. / If, now, we were to reverse these chan- 
ges, and condense the vapour into water, and the water into ice, 
the latent heat would re-appear entirely, in the form of freecaloric.3 

Emily, Pray do let us see the efiect of latent heat returning to 
its free slate. ^ 

Jtfrf. B. /For the purpose of showing this, we need simply con- 
duct the vapbur through this tube into this vessel of cold water, 
where it will part with its latent heat and return to its liquid form. 

Emily, How rapidly the steam heats the water I 

Mrs, B. That is because it does not merely impart its free caloric 
to the water, but likewise its latent heat. /This method of heating 
liquids, has been turned to advantage, in several economical estab- 
lishments. The steam kitchens, which are getting into such gene- 
ral use,are upon the same principle The steam is conveyed through 
a pipe in a similar manner, into the several vessels which contain 
the provisions to be dressed, where it communicates to them its lat- 
ent caloric, and returns to the state of water.; Count Rumford 
makes great use of this principle in many of liis fire-places : his 
grand maxim is to avoid all unnecessary waste of caloric* for which 
purpose he confines the heat in such a manner, that not a particle of 
it shall unnecessarily escape ; and while he economises the free ca- 
loric, he takes care also to turn the latent heat to advantage. ( It is 
thus that he is euabled to produce a degree of heat superior to that 
which is obtained in common fire places, though he employs less fuel.> 

Emily. When the advantages of such contrivances are so clear 
and plain, I caanot understand why they are not universally used. 

Jdrs. B, A long time is always required before innovations, how- 
ever iiReful, can be reconciled with the prejudices of the vulgar. 

Emily. What a pity it is that there should be a prejudice against 

^new inventions ; how much more rapidly the world would improve 

if such useful diBcoveries were immediately and universally adopted! 

J^rg. B' I believe, my dear, that there areas many novelties at- 
tempted to be introduced, the adoption of which would be prejudi- 
cial to societ'\ as there are of those which would be beneficial to it. 
The well-informed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging what is like- 
ly or not to prove serviceable ; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advan- 
tageous, than the latter, who, having no other test of the value of a 
novelty but time and experience, at first oppose its introduction. — 



313. What is that heat called which produces a change of form 
ID bodies ? ^ 

314. How may latent heat be converted into free caloric ? 

315. In what experiment may be seen the effect of latent heat 
returning toils free state ? 

316. What is the advantage of Count Rumford's improved fire^ 
places ? 
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The well iQ£)iiiied, however, are frequently dnappomted in their 
most sanguine expectations, and the prejudices of the vulgfar, 
though they often retard the {)rogre88 of knowledge, yet sometimes, 
it mast be admitted, prevent the propagation of error. ^But we are 
de;piating from our subject. 

We have converted steam into water, and are now /to change j 
waler into ice, in order to render the latent heat sensibve] as it es- ■ 
capes from the water on its becoming solid. For this purpose we 
must produce a degree of cold that will make water freeze. 

Caroline. That must be very difficult to accomplish in this warm 
room. 

Mra B, XV ot so much as you think. | There are certain chemic- 
al mixtures which produce a rapid change from the solid to the flu- 
id state, or the reverse, in the substances combined, in consequence 
of which change latent heat is either exti icated or absorbed. \ 
Emily. I do not quite understand you. / 

•Mrg. B, This snow and salt, which you see me mix together, 
aretnelting rapidly ; heat therefore must be absorbed by the mix- 
ture, and cold produced. 

Caroline, It feels even colder than ice, and yet the snow is melt- 
ed; This i|-yery extraordinary. 

Mrs. B. (The cause of the intense cold of the mixture is to be at- . 
tributed i&ihe change of a solid to a fluid state. 1 The union of the 
snow and salt produces a new arrangement of/their particles, in 
consequence of which they become liquid ; and the quantity of 
caloric, required to effect this change, is seized upon by the mix- 
ture whenever it can be obtained. This eagerness of the mixture 
for caloric, during its liquefaction, is such that it converts part of 
its own free caloric into latent heat, and it is thus that the tempera- 
ture is lowered. 

Emiiy. Whatever you put in this mixture, therefore, would 
freeze P 

J^rs B. Yes ; at least any fluid that is susceptible of freezing at 
ttiat temperature. 1 have prepared this mixture of salt and snow 
for the purpose of freezing the water from which you are desirous 
of seeing the latent heat escape. I have put a thermometer in the 
glass of water that is to be frozen, in order that you may see how 
it cools. ' 

Caroline. The thermometer descends, but the heat which the 
water is now losing is its /rce, not its IcUent heat. 

Jlfr». B. Certainly ; it does not part with its latent heat till it 
changes its state and is converted into ice./ \ 

Emily, But here is a very extraordinary circumstance ! The 
thermometer has fallen below the freezing point, and yet the water 
is not frozen.* 



* To make this experiment striking, the glass containing the wa- 
ter and thermometer ought to be kept perfectly still until the mercu- 
ry sinks below the freezing point. Then agitate the water, or drop 

317. How is latent heat rendered sensible ? 

318. How can water be made to freeze in a warm K>on\^ ^ 

319. Why is a mixture of snow and salt so intensely coW . 

320. When does water part with its latent heat ^ 

7* 
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Jlfr#. B. That is always the case previous to the freezing: of wa-* 
ter wheo it is in a state of rest. Now it begins to coDgeaK and ]^oa 
may obserre that the thermometer again rises to the freezing point. 

Caroline. It appears to me very strange that the thermometer 
should rise the very moment that the water freezes ; for it seems to 
inply that the water was colder before it froze than when in the 
act of freezing. 

M7S. B. It is so ; and after our long dissertation on this circum- 
stance, I did not think it would appear so surprising to you. Re- 
flect a little^ and I think you will discover the reason of it 

Caroline.i It must be, no doubt, the extraction of latent heat, at 
tlie instant the water freezes, which raises the temperature.) 

JUrs. B. Certainly : and if you now examme the thermometer, 
you will find that its rise was but temporary, and lasted only during 
the disengagement of the latent beat — now that all the water is fro- 
zen it falls again, and will continue to fidl till the ice and mixture 
are all of an equal temperature. 

Emily. And can you show us any experiments in which liquids, 
by being mixed, become solid and diseng^e latent heatP 

Mrs, B. I could show you several, but you are not yet sufficient- 
, \y advanced to understand them well. 1 shall, however, try one, 
\ which will afford you a striking instance of the fact.^^ The fluid which 
you see in this phial consists of a quantity of a certain salt called 
murimi ofltme, dissolved m water. Now, if I pour into it a few dropa 
of this other fluid, called ^phuric acid^ the whole, or very nearly 
the whole, will be instantaneously converted into a solid mass.' 

Emily. How white it turns ? I feel the latent heat escaping ; for 
the bottle is warm, and the fluid is changed to a s^id white sub- 
stance Uke cljAlk !^ 

Caroline. Tins is, indeed, the most curious experiment we have 
seen ^et. But pray what is that white vapour which ascends from 
the mixture P 

J^rs. B. Vou are not yet enough of a chemist to understand that. 
But take care, Caroline, do not approach too near it, for k has a 
very pungent smell. 

I soall show you another instance similar to that of the water, 
which yon observed to become warmer as it froze. I have in this 
phial a solution of a salt called sulphat of soda, or Glauber's salt, 
made very strong, and corked up wnen it was hot, and kept without 

into it a small piece of ice, and it instantly shoots into crystals, and 
the thermometer rises.->C. 

* The sulphuric acid by its stronger affinity for the lime, takes it 
from the muriatic acid, unites with it, and forms sfdphaie of lime.-^- 
The solidity is owing to the insolubility of this last substance in wa- 
ter. The experiment succeeds well, if the water is saturated with 
the muriate.— C. 



321. Why does water become colder before freezing than it is in 
the act of freezing ? 

322. What example can you give of liquids becoming solid, by 
being mixed, and disengaging latent heat f 

^ 324. Hwi it thu effect accounted for in the note? 

324. What other instance of the extrication of latent heat is giv- 
en, and bow is it produced f 
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ja^taiioD till it became cold, as you may feel the phlaf is. \Now 
wlieo 1 take outthe cork and let the air fall upon it, (for beings clo* 
sed when boiling, there was a vacuum in the upper part,] observe 
tliat the salt wiU suddenly crystallize. 

Caroline Surprising ! how beautifully the needles of salt have 
shot throug'h the whole phial 1 

JIfr*. B. Yes, it is very remarkable ; but pray do not forg-et the 
object of the experiment. Feel how warm the phial has become by 
the CMJnversion of part of the liquid into a solid. 

Emiiy, Quite warm, I declare ! this is a most curious experiment 
of the disengagement of latent heat. 

^Jdrs. B' U'he slaking of limeys another remarkable instance of 
the extrication of latent heat Hafve you never observed how quick- 
lime smokes when water is poured upon it, and how much heat it 
produces ? 

Caroline, Yes ; but I do not understand what change of state 
takes place in the lime that occasions its giving out latent heat ; for 
the quick-lime, which is solid, is (if I recollect right] reduced to 
powder by this operation, and is , therefore, rather expanded than 
condensed. 

Jtfrf. JQ^ It is from the water, ) not the lime, that the latent heat 
is set free. "" The water incorporates with, and becomes solid in the 
Kme ; in consequence of which the beat, which kept it in a liquid 
state is disengaged, and escapes in a sensible form. » 

CaroHne, 1 always thought that the heat originated in the lime. 
it seems very strange that water, and coid water too, should con- 
tain so much heat. 

Emily, After this extrication of caloric the water must exist in a 
state of ice in the lime, since it parts with the heat which kept it li- 
quid. 

Mrs. B. It cannot properly be called ice, since ice implies a de- 
gpree of cold, at least equal to the freezing point. Yet, as water, in 
combining with lime, gives out more heat than in freezing, it must 
be in a state of still greater solidity in the lime than it is in the form 
of ice ; and you may have observed thatSt does not moisten or liqui- 
fy the lime in the smallest degree. 

Mknily. But, Mrs. B. the smoke that rises is white ; if it was- on- 
ly pure caloric which escaped, we might feel, but could not see it. 

Jlfr#. jB./'This white vapor is formed by some of the particles of 
lime in a state of fine dust, which are carried off by the caloric.; 

Emily. In all changes of state, then, a body either absorbs or 
disengages latent heat ? 

•Afrt. B, You oannot exactly say absorbs fnlenl heat., as the heat 
becomes latent onI]f on being confined in the body ; but you may 
^^Jy generally, that 1)odies in passing from a solid to a liquid form, 
or from the liquid state to that of vapor, absorb heat ; . and that 
when the reverse takes place heat is disengaged.* J 

* This rule, if not universal, admits of very few exceptions. 

325. What other instance is mentioned of the extrication of la- 
tent heat ! 

326. Whence proceeds the heat in the slaking of lime .' 

337. Why is the smoke that rises in the slaking of lime, white ? 
388 When do ^dies absorb heat ? 
When is heat duengaged ? 
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Emily* We can now, I think, account for the ether boiling, and 
the water freezing in vacuo, at the same temperature.| 

J^rs, B. Let me hear bow you explain it. 

Emily. The latent heal which the water g^ve out in freezing, 
was immediately abburbed by the ether, during its conversion into 
▼apor ; and therefore, from a latent state in one liquid, it passes 
into a latent blate m the other. 

Jlfrj. B. But this oaly partly accounts for the result of the ex- 
periment ; it remains to be explained why the temperature of the 
ether, while in a state of ebullition, is brought down to the freezing 
teniperature of wafer. y-It is because the ether, during its evapora- 
ticQ, reduces its own temperature, in the same proportion as thafof 
the water by converting its free caloric into latent heat f^so that 
though one liquid boils, aod the other freezes, their tempet^tures 
remain in a state of equilibrium.- 

Emily. But why does not water, as well as ether, reduce its own 
temperatiire by evaporating ? 

Mrs. B. The fact is, ihat it does, though much less rapidly than 
ether. Thus, for instaoce you may often have observed, in the heat 
of summer, how much any particular spot may be cooled by water- 
ing, though the water useH for that purpose be as w-arm as the air 
itself. Indeed so much cold may be produced by 'he mere evapo- 
ration of water, that the iohabitants of India, by availing themselves 
of the most favorable circumstances for this process which their 
warm climate can afford, namely, the cool of the night, and situa- 
tions most exposed to the night breeze, succeed in causmg water 
to freeze though the temperature of the air be as high as 60 de- 
grees. The water is poi into shallow earthen trays, so as to expose 
an extensive surface to the process of evaporation, and in the morn- 
ing, the water is found covered with a thin cake of ice, which is 
collected in sufficient quantity to be used for purposes of luxury. 

Caroline. How delicious it must be to drink liquids so cold in 
those tropical climates * But, Mrs. B. could we not try that exper- 
iment ? 

Mrs, B. If we were in the country, I have no doubt but that we 
should be able fo freeze water, by the same means, and under sim- 
ilar circumstances. But we can do it immediately, upon a small 
scale, in this very room, in which the thermometer stands ai 70 de- 
grees. For this purpose we need only place some water in a little 
cup under the receiver of the air-pump, Fig. 8, and exhaust the air 
from it. What will be the consequence, Caroline ? 

Caroline. Of course the water will evaporate more quickly, since 
there will no longer be an atmospheric pressure on its surface ; 
but will this be sufficient to make the water freeze ? 

JUrs. B. Probably not, because the vapor will not be carried off 

t See page 65. 



329. Why does water freeze and ether boil in vacuo f 

330. Why does the ground become cooled by watering in sum- 
mer, though the water used be as warm as the air itself? 

331. How is ice often produced in India, where the temperature 
is not below 60 degrees ? 

332. How is water made to freeze under a glass receiver, as il- 
lustrated in figure 8 ? 
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last enough ; but this will be accomptisbed without difficult; if fre , 
iutrodnce into the receiver, Fig. 8, in ft saucer, or ottier lai^e shal- 
low Tessel some atToag- sulphuric aciil. a subelance which has a 
great attraction for water, whether in the form of vapor or in the 
Jiqnid state. This atlraclion is tucb that the acid will msUotly ab- 
(orh tbe moiature aa it risea from the water, so as to m^ke room for 
Fig. 8. 



the formatjoa of fresh vapor : this wilt of course hasleo tbe pro- 
cess, and the cold produced from the rapid evaporatiuo of the wa- 
ter, will in a few mioutes, be sufficient lo freeze its surface.* We 
shall now exhaust the air from (lie receiver. 

Emily. Thousands of small bubbles already arise through the 
water from the internal surface of thecup : what is the reason of 
this? 

Mri B. These are bubbles of air which were partly attached to 
the vessel, and partly ditTiiHed io Ihe water itself ; and Ihey expand 
and rise in consequence of'he aimospheric pressure being- removed. 

Caroline. See, Mrs. B.-, Ihe thermometer in the cup is sinking 
ftst ^ it has already descended lo 40 degrees ! 

Emi/y Tho water now and then' violently agitidedoo the surface 
as if it were builiiig ; and vel the thermometer it descending fast '. 

Jfri. B. Vou maj call ft bailing if you please, for this appear- 
ance is, as well as Soiling, owin^ to the rapid formation of vapor ; 
but here, aa jnu have just observed, it takes place from tbe surface, 
for II is ooly ivhen heat ia applied lo t^e boitom of tbe vessel that the 
vapor is formed there. —Now crystals of ice are actually shooting 
all over tbe surface of the trater. 



S3^ yHhj does the water appear aa if boiling ? 
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Caroline. How beautiful it is ! The sur^e i« now entirelf fro- 
zen — but the (hermometer remaim at 3S degrees. 

JVri. B. And so it will, couformabl; with our doctrine of latent 
beat, oDtil ibe wljole of the water be frozen ; but it mil then agaio 
begin to descead loner and lower, in cooacquence of the erapore- 
tioD which gnes od from the surface of the ice. 

Emily. This is a most ioteresting eiperimeot ; bat it would be 
slill more strikjog if no sulphuric acid were required. 

Mr: B. 1 will show jou a freezing in strusienl, contrived by Dr. 
WoUactoiT, upoB the aame principle aa Mr. Leslie's experiment, b; 
which water mat be froseu h; its own evajHiration alone, without 
the assistance of stil^iurtc acid. 

Fig. 9, 
Thistuhe, which, as fou dc. wji»,o>»cc,.Th.™. 

see is terminated at ea"'' 
extremity by a bulb, o. 
ofwbichishalffullof w 
ter, is intern all J perfec 
exbaubtedofair. Ihecc 
sequenceof this is, that the water in the bulb, is alwnjsmuch dispo- 
sed to eTaperale. This evaporatioB, bowerer, does not proceed suf- 
ficiently fast to freeze the water ; but if the empty baU be cooled 
by Bume artificial means, so as to condense quickly the vapor which 
rises from the watsr, the process may he thus so much promoted as 
to cause the water to rreejw in the other ball. Dr. Wollaslon hat 
called this instrument Cryophorai. 

Caroline. So that cold pi- in 

seems to perform here 
the same part which [be 
sulphuric acid acted in 
Mr. Leslie's eiperi- 



You have oeilher ii 

Mr: B. True; hut 

we have other means of 
effcctinp this.* You Te- 

collecl what an intense , 

' cold can be produced 
bjiheevaporationof e- "o S, (Hi.kddi. Mu»i'iri»ii>or i>inf iiHCnipk>- 
Iberin an exhausted re- "^ '"^ ^^ iftK«r"nof ko.S. 

cciver. We shall in- " 

* This mode of makior the experiment was proposed, and the 
particulars detailed, by Dr. Marcet, in the 34th rol. ofNichoIsou's 
Journal, p. 119. 



33J. How long in this experiment will the thermometer n 
at 32 degrees, or at the freezing point > 

336. Why will it begin and conlinuc to descend as soon as a 
water is frozen P 33T. What istheobjectof figures l,S,a 
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close the bulb in this little ba^ of fine flannel, (Fi|^. 1.) then soak 
it in ether, and introduce it inro the receiver of the air-pump. (Fig^. 
3.) For this purpose we shall find it more coovenient to use a cryo- 
pborus of this shape, (Fi^. 2.) as its elongated bulb passes easily 
through a brass plate which closes the top of the receiver. If we 
now exhaust the receiver quickly, you will see in less than a minute, 
the water freeze in the other bulb out of the receiver. 

Emily, The bulb already looks quite dim, and small drops of wa- 
ter are condensing on its surface. 

Caroline. And now crystals of ice shoot all over the water. This 
is, indeed, a very curious experiment ! 

jairs. B. You will see, some other day, that, by a similar method, 
even quicksilver may be frozen. But we cannot at present indulge 
in any further digression. 

Having advanced so far on the subject of heat, I may now give 
you an account of the calorimeter, an instrument invented by Xa- 
voisier, upon the principles just explained, for the purpose of esti- 
mating the specific heat of bodies. It consists of a vessel, the inner 
surface of which is lined with ice, so as to form a sort of hollow globe 
ot ice, in the midst of which the body, whose specific beat is to be 
ascertained, is placed. The ice absorbs caloric from this body, till 
it has brought it down to the freezing point ; this caloric converts 
into wat^r a certain portion of ice which runs out through an aper- 
ture at the bottom of the machine ; and the quantity of ice changed 
to water is a test of the quantity of caloric which the body has g^ven 
ont in descending from a certain temperature to the freezing point 

Caroline. In this apparatus, I suppose, the milk, chalk, and lead, 
would melt different quantites of ice, in proportion to their differ- 
ent capacities for caloric. 

Mrs, B. Certainly ; and thence we are able to ascertain, with 
precision their respective capacities for heat. But the calorimeter 
affords us no more idea of the absolute quantity of heat contained 
in a body, than the thermometer ; for though by means of it we 
extricate both the free and combined caloric, yet we extricate 
them only to a certain degree, which is the freezing point ; and we 
know not how much they contain of either below that point. 

Emily. According to the theory of latent heat, it appears to me 
that the weather should be warm when it freezes, and cold in a thaw ; 
for latent heat is liberated from every substance that it freezes, afad 
such a large supply of heat must warm the atmosphere ; wbibt du- 
ring a thaw, that very quantity of free heat must be taken from the 
atmosphere and return to a latent state in the bodies which it thaws. 

Jlfrt. B. Your observation is very natural ; but consider that in 
a frest the atmosphere is so much colder than the earth, that all the 
caloric which it takes from the freezing bodies,is insufficient to raise 
its temperature above the freezing point ; otherwise the frost must 
cease. But if the quantity of latent J^eat extricated does not destroy 
the frost, it serves to moderate the suddenness of the change of tern* 



338. Can quicksilver be frozen ? 

339. What is the calorimeter, and what is its use ? 

340. Of what does it consist ? 

341. Does the calorimeter indicate the absolute quantity of heat 
contained in a body ? 

342. What effect is produced on the temperature of the atmds- 
htsttby Ibe attraction of latent heat from the winter frosts ? 
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perature of the atmosphere, at the commencement both of frost and 
of a thaw. In the first instance, its extrication diminishes the sever- 
ity of the cold ; and in the latter, its absorption moderates the 
war mth occasioned by a thaw ; it even sometimes produces a dis- 
cernible chill, at the breaking^ up of frost. 

Caroline. Bat what are the general causes that produce those 
sudden changes in the weather, especially from hot to cold, which 
we often experieoce r 

Jlfr«. B, This question would lead us into meteorological discus- 
sions, to which 1 am by no means competent. One circumstance, 
however, we can easily understand. When the air has passed over 
cold countries, it will probably arrive here at the temperature much 
below our own, and then it miist absorb heat from every object it 
meets with, which will produce a general fall of temperature. 

Caroline. But pray, now that we know so much of the effects of 
heat, will you inform us whether it is really a distinct body, or, as I ^ 
have heard, a peculiar kind of motion produced in bodies ? 

Jlfrt . B. As I have before told you, there is yet much uncertain- 
ty as to the nature of these subtle agents. But I am inclined to 
consider heat not as mere motion, but as a separate substance. — 
Late experiments, too, appe^ar to make it a compound body, con- 
sisting of the two electricities : and in our next conversation 1 shall 
inform you of the principal facts upon which that opinion is founded. 



CONVERSATION V- 

ON THE CHEMICAL AGENCIES OP ELECTRICITY.* 

Mrs. B. Before we proceed further, it will be necessary to give 
you some account of certain properties of electricity, which have 
of late years been discovered to have an essential connexion with 
the phenomena of chemistry. 

Caroline. It is electricity, if I recollect right, which comes 
next in our list of simple substances ? 

Mrs. B. I have placed electricity in that list, rather from the ne- 
cessity of classing it somewhere, than from any conviction that ilhas 
a right to that situation ; for we are as yet so ignorant of its intimate 
nature, that we are unable to determine, not only wliether it is sim- 
ple or compound, but whether it is in fact a material agent; or, as 
Sir H. Davy has hinted, whether it may not be merely a property 
inherent in matter. As, however, it is necessary to adopt some 
hypothesis for the explanation of the discoveries which this agent 
has enabled us to make, I have chosen the opinion, at present most 
prevalent, which supposes the existence of two kinds of electricity, 
distinguished by the name of positive and negative electricity. 



1 



* The electricity extricated by the metals is commonly called 
Galvanism. 



343. What is heat now supposed to be f 

344. What subject is to be considered in this conversation ? 
346. What are the uncertainties as to the nature of electricity r 

346. How many kinds of electricity arc there ? 

347. What are they called ? 



s * 
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Caroline. Well, I mutt confess, I do not feel nearljr so interested 
in & science in which so mnch nscertaisty prersiils as in those 
which rest npon established principles. I never was fond of elec* 
tricity, because, however beantifal and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap- 
peared to me so various, so obscure and ina<^quate, that I always 
remained dissatisfied. I was in hopes that the new discoveries in 
electricity had thrown so g^reat a light on the subject, that every 
thing" respecting^ it would now have been clearly explained. 

MrS' B, That is a point which we are yet far from having attain- 
ed. But, in spite of the imperfection of our theories, you will be 
amply repaid by the importance and novelty of the subject. The 
number of new facts which have already been ascertained, and the 
immense prospect of discovery which has lately been opened to us, 
will, I hope. Ultimately lead to a perfect elucidation of this branch of 
natural science ; but at presept you must be contented with study- 
ing the effects, and in some degree explaining the phenomena, with- 
out aspiring to a precise knowledge of the remote cause of electri- 
city. 

You have already obtained some notions of electricity ; in our 
present conversation, therefore, I shall confine myself to that part 
. of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance which first gave rise 
to this new branch of physical science. Galvani, a professor of nat- 
ural pbilosoph}' at Bologna, being engaged (about 26 years ago) 
in some experiments on muscular irritability, observed, that when a 
piece of metal was laid on the nerve of a frog, recently dead, whilst 
the limb supplied by that nerve rested upon some other metal, the 
limb suddenly moved, on a communication being made between tlie 
two pieces of metal. 

Emily, How is this communication made ? ^ 

J^rit. B. Either by bringing the two metals into contact, or by 
connecting them by means of a metallic conductor. But without 
subjecting a frog to any cruel experiments, I can easily make you 
sensible of this kind of electric action Here is a piece of zinc, 

(one of the metals 1 mentioned in the list of elementary bodies) 

put it under your tongue, and this piece of silver upon your tongue, 
. and let both the metals project a little beyond the tip of the tougut^ 
-r-very well ; - now make the projecting parts of the metals touch 
each other, and you will instantly perceive a peculiar sensation. 

Emily. Indeed I did ; a singular taste, and I think a degree of 
heat ; but I can hardly describe it. 

Mrs. B, The action of these two pieces of metal on the tongue is, 
I believe precisely similar to that made on the nerve of a frog. I 
shall not detain you by a detailed account of the theory by which 
Galvani attempted to expluin this fact, as it was soon overturned 



348. What it the difference between eiecirkity and Oalvaniem ? 

349. From whom did Galvanism receive its name ? 

350. What gave rise to the branch of physical science called 
Galvanism ? 

351 . What simple experiment is mentioned,that can be made up. 
on the tongue to illustrate this subject ? 

8 
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by sob^eqtteDt experimentot which prov^ tint Oaioafiitm[ihe name 
this new ppwer had obtained )wa8 nothing more than electricity. 
Gajvani snppoeed that the virtue of this new agent resided in the 
nerves of the frog: ; hut Volte, who prosecuted this subject with 
much greater success, showed that the phenomena did not depend 
on the organs of the fror, but upon the electrical agency of the 
metals, which is excited oy the moisture of the animal, the organs 
of the frog being only a delicate test of the presence of electric in- 
fluence. 

Varnline, I supnose, then, the saliva of the mouth answers the 
same purpose as tne moisture of a frog« in exciting the electricity 
of the pieces of silver and zinc, with which Emily tried the exper- 
iment on her tongue ? 

JUrs. B Precisely. It does appear, however, necessary that 
the fluid used for this purpose should be of animal nature. Water, 
and acidK very much diluted by water, are found to be the most ef- 
fectual in promoting the developement of electricity in metals ; and 
accordingly the original apparatus which Volta first constructed 
for this purpo&e consisted of a pile or succession of plates of zinc and 
copper, each pair of which was connected by pieces of cloth or pa- 
per impregnated with water; and this instrument, from its original 
inconvenient structure and limited strength, has graduaiiv arrived 
at its preKcnt state of power and improvement, such as exhibited in 
the Voltaic battery. In this apparatus, a specimen of which you 
see before you. Fig. H. 

the plates of zinc vouak B«ucrT. 

and copper are 
soldered together j 
in pairs,each pairj 
being placed at 
regular distan 
CQ^ in wooden 
troughs and the 
interstices being 
filled with fluid. 

Caroline. Though you will not allow us to inquire into the pre- 
cise cause of electricity, may we not ask in what manner the fluid 
acts on the metals so as to produce it .' 

Jtfrs B. The action of the fluid on the metals, whether water or 
acid be used, is entirely of a chemical nature. But whether elec- 
tricity is excited by this chemical action, or whether it is produced 
by the contact of the two metals, is a point upon which philoso- 
phers do not yet perfectly agrree. 

Emily, But can the mere contact of two metals, without any in- 
tervening fluid, produce electricity ? 

Jifrs. B. Tes, if they are^alterwards separated. It is an establish- 




352. How did Galvani account for the moving pf the hmb on a 
communication being made between the two metals? 

353. What was the true cause of it? 

354. What metals are used in the production of galvanic action? 
3 6. Which figure represents a Voltaic battery ? 

356. Can galvanism be produced without water f 
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ed fact that whea two metals afe'put in contact, and afterwards sep- 
arated, that which has the strongest attraction for oxygen exhibits 
Bigos of positive, the other of negfatire electricity .\ 

Caroline. It seems, then, hot reasonable to infer that the power 
of the Voltaic battery should arise from the contact ni the plates of 
zinc and copper. ^ 

Jirt. B. It is npon this principle that Volta and Sir H. Davy ex- 
plain the phenomena of the pile ; but notwithstanding these two 
great aathorities, many philosophers entertain doubts on the truth 
of this theory. The chief Bifficulty which occurs in explaining the 
phenomena of the Voltaic battery on this principle, is that two 
such plates show no signs of different states of electricity whilst in ^ 
contact, but only on bemg separated after contact Now, in the 
J^oltaic battery, those plates that are in contact always continue so, 
being soldered together ; and they cannot, therefore, receire a suc- 
cession of charges. Besides, if we consider the mere itiatiirmiSde 
of the balance of electricity ^t the contact of the plates, as the sole 
cause of the production of Voltaic electricity, it remains to be 
explained how this disturbed balance becomes an inexhaustible 
source of electrical energy. cap;ibie of pouring forth a ponstant and 
copious supply of electrical flu id, though, without any means of re- 
plenishiog itself from other sources This subject it must be own- 
ed, is ioFolved in too much obscunty to enable us to speak very de- 
cidedly in farorof any theory But, io order to avoid perplexins^ 
you with different explanations, I shalLconfine myself to one which 
appears to me to be least encumbered with difficuhies, and most 
likely to accord with truth.''' 

This theory supposes the electricity to be excited by the chemic- 
'al action of the acid on the zinc ; but you are yet such novices in 
chemistry, that 1 think it will be necessary to give you some previ- 
ous explanation of the nature of this action. 

^11 metals have a strong attraction for oxygen ; \and this element 
is Ibund in great abundance, both in water and in acids. The ac- 
tion of the diluted acid on the zinc consists, therefore, in its oxygen 
combining with it, and dissolving its surface. 

Caroline* In the same manner, I suppose, as we' saw an acid <Jti8- 
solve copper f 

Mrs, B. Yes ; but in the Voltaic battery the diluted ^ acid is not 
strong enough to produce so complete an effect ; it acts only on the 

* This mode of explaining the phenomena of the Voltaic pile is 
called ibe chemical theory of electricity, bee ' use it ascribes the 
cause of these phenomena to ascertain chemical changes which take 
place during their appearance. The mode which is here sketched 
was long since suggested by Dr. Bostock, who has lately (l8I8) 
published *' An account of the History and Present State of Galvan- 
ism ;" which contains a'fuUer and more complete statement of his 
opinions and those of other writers on the subject, than any of his 
former papers. 



357. What established fact io galvanic experiments is mentioned ? 

358. What two cheniists have explained the phenomena of the 
VoltiMC battery, as proceeding solely from the contact of the two 
metals ? 

359. For what have all metals stropg attraction ? 
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surface of the zinc, to which it yielda its oxygen, forming upon it a 
film or crust, which is a compound of the oxygen and the metal, s 

Emibf. Since there is so strong a chemical attraction between ox- 
ygen and metals, I suppose they are naturally in different states of 
electricity. ^ 

Mrs B. Yes ; it appears that all metals are united with the pes? 
itiye, and that ^xygenlis the grand source pf the negatiye electri- 
city ' 

Caroline, Does not, then, the acid act on the plates of copper, as 
well as on those of zinc ?* 

•Mrs, B, No; for though copper has an affinity for oxygen, it is 
less strong than that of zinc ; and therefore the energy of the acid 
is only exerted upon the zinc 

It will bp best I believe, in order to render the action of the Veil; 
taic battery more intelligible, to confine our attention at first to the 
effect protfticed on two plates only. (Fig. 14.) 

If a plate of zmc be placed opposite to one of copper, or Fig. 12. 
any. other metal less attractive of oxygen^ and the space Voiuk Bat. 
between.them (suppose of half an inch in thickness.) be fil- ^''^' 
led with an acid or any fluid capable of oxydatiog the zinc, ^^ 
the oxyiiated surface will have its capacity for electricity 
diminished, so that a quantity of electricity will be evolv- 
ed from thai surface This electricity will be received 
by the contiguous fluid, by which it will be transmitted to 
the opposiie metallic surface, the copper, which is not ox- 
ydated, and is therefore disposed to receive it ; so that the 
copper plate will thus become positive, whilst the zinc 
plate will be in the negative state. 

This evolution of electrical fluid, however, will be very 
limited ; for as these two plates admit of but very little ac-, „ 
cumulation of electricity, and are supposed to have nocommunica* 
tion with other bodies, the action of the acid« and further develop- 
ment of electricity, wiH be immediately stopped. 

Emily, This action, i suppose, can no more continue than that 
of a common electrical machine, which is not allowed to communi- 
cate with other bodies .' 

Mrs, B, Precisely ; the common electrical machine when excit- 
ed by the friction of the rubber, gives out both the positiye and neg- 
ative electricities. (Fig. 13.) The positive, by f he rotation of the 
glass cvlinder, is conveyed into the conductor, whilst the negative 
goes into the rubber, i But, unless there is a communication made 
between the rubber and the ground, a very inconsiderable quantity 

* The acid acts upon the copper, but not so strongly as on the 
zinc. Any two metals, one of which has a stronger attraction for 
oxygen (han the other, will form the galvanic series. -C. 



360. What is the grand source of negative electricity ^ 

361. Why in the Voltaic battery is the energy of the action ex- 
erted only upon the zinc ? 

362. How would you explain the principle of the Voltaic battery 
by Fig. 12 ? 

363. How would you describe the mode of collecting electricity 
in the common electrical machine? 

364. Why must the rubber be connected with the ground ? 
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of electricity can be excited ; tfor the rubber like the plates of the 
batterj, has too small a capacity to admit of ao accumulation of 
electncity. Unless, therefore, the electncity can pass out of the 
rubber, it will not contioae to g^o into it, and consequently, no ad- 
ditional accumulation will take place. Now, as one kind of elec- 
tricity cannot be |^iven out without the other, the developement of- 
the positive electricity is stopped as well as that of the ne^tive, and 
the conductor, therefore, cannot receive a succession of charges. 
Fig. 13. Electrical Machine. 




Fier* 13. A, the CjliDder. B, tha Coodaetor. R, th* Rubber. C, the Chita. 

Caroline^ But does not (he conductor, as well as the rubber, re- 
quire a communication with the earth, in order to get rid of its 
electricity •' 

Mrs, £. No ; for it is susceptible of receiving and containing a 
considerable quantity of electricity, as it is much larger than the 
rubber, and therefore has a greater capacity; and this continued 
accumulation of electricity in the conductor is what is called a 
charge. 

Emily, But when an electrical machine is furnished with two 
conductors to receive the two electricities, I suppose no communi- 
cation with the earth is required ? 

Jtfr«. B, Certainly not, until the two are fully charged ; for the 
two conductors will receive equal quantities of electricity. 

Caroline. I thought the use of the chain had been to convey the 
electrici ty yrom the ground into the machine. 

Jlfr^. B, That was the idea of Dr. Franklin, who supposed that 
there was but one kind of electricity, and who by the terms posi- 
tive and negative (which he first introduced,) meant only different 
quantities of the same kind of electricity.* The chain was in that 

* The idea of Dr. Franklin was, that the pontivre state consisted 



365. What is called a charge in thp use of the common electrical 
laacliine.' 

366. What was Dr. Franklin^ opinioD concerning electncity t 
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case supposed to'convey electricity fnym the ground throug'h the 
rubber into the conductor. But as we have adopted the hypothesis 
of two electricities, (we must consider the chain as a vehicle tocon- 
,duct the negative electricity into the earthT) 
, Emily, And are both kinds produced whenever electricity is ex- 
cited ? 

Mrs. B. • Yes, inyariablyA If you rub a tube of glass with a wool- 
len cloth, the glass becomes positive, and the cloth negative * If, 
on the contrary, you excite a stick of sealing-wax by the same means, 
it is the rubber which becomes positive, and the wax negative. 

But with regard to the Vt)llaic battery, in order that the acid may 
act freely on the zinc, and the two electricities be given out without 
interruption, \some method must be devised, by which the plaies 
may part with xheir electricities as fast &s they receive them.) Can 
you think of any means by ^hicfe.iJjis might be effected ? ' 

Emily, Would not two chains or wires, suspended from either . 
plate to the ground, conduct the electricities into the earth, and thus 
answer the purpose ? , 

Mrs. B. It would answer the purpose of carrying off the electri- 
city, I admit ; but recollect, that though it is necessary to find a 
vent for the electricity, yet we musjt not lose it, since it is the pow- 
er we are endeavoring to obtain. Insrend, therefore, of conduct- 
ing it into the ground, let us make the wires, from either plate, 
meet ; the two electricities will thus be brought together, and will 
combine and neutralize each otherk and as long as this communi- 
cation continues, the two plates having a vent for their respective 
electricities, the action of the acid will go on freely and uninter- 
ruptedly. 

Emily. That is very clear, so far as two plates only are concern- 
ed ; hut I cannot 9ay 1 understand hpw Ihie energy of the succes- 
sion of plates, or rather pairs of plates, of which the Galvanic trough 
is composed, is propagated and accumulated throughout a battery ? 

in the presence, or accumulation of the electric fluid; and that the 
negative was merely its absence or diminution. Hence the terms 
used by him to indicate these states were positive and negative. In 
this chapter Mrs. B. has used these terms of the American Philoso- 
pher improperly, 'for plus and minus were never meant to signify 
two sorts of electricity, but only its presence or absence. Where 
authors have adopted Dufay's theory of two electricities, they have 
used the terms, vitreous and resinous. — C. 

* Most probably, because the glass takes the electric fluid from 
the cloth. Indeed, we conceive there is about the same reaton for 
believing that the negative state is the absence of the electric fluid 
as there is for believing that cold is the absence of beat.— C. 



367. What is the use of the chain in the common electrical ma- 
chine? 

368. Are negative and positive electricity always produced when 
eteetricitv is excited ? 

369. What is necessary in the Voltaic battel^, that the two elec- 
trtcUies be given out without interruption ? 

370. In what manner do two pieces of wire produce this effect ^ 



Mm. B. In order to ihoir yon hoir tbe intensity lif the electrici- 
ty is increased by increaaing tlie numhcr orpUIes, we will eiam- 
ine (he aclion of four plates ; if yoii undentand th-«e, you will 
readily comprebeDd that ofsD} Dumber vhaterer. 

iis- 14. Vullaic Buttery. 

In tbi3 Gguro you vrill observe (hat ihe 
two central plaCes are uniled ; I hey art 
soldered together, (as we observed in 
describing Ihe Voltaic iroufh.) so as tc 
form but one plale, which oHers Iwi 
■ different surfaces i the one of copper, 
tbe other of zinc. 

Now you recollect, Ihal, in explaii „ 
Ihe nclioD of two plates, we supposed 
that aquajility of eleclricity was evolved 
from Ihe surface of the lirslziac plale, in 
coDsequence oftheactioQ ofthe acid, aad-I- 
was conveyed by Ihe interposed fluid to the copper plate No. 2, 
which thus became positive. Thi^ copper plate conjinuiriCBtes ils 
electricity to Ihe comiguous zinc plate. No 3, in which, conse- 

Suentlj, some accumulalioo of electricity takes place. WbCD, 
lerefore, the Quid in the next cell acts upon (he zinc plale, elec- 
tricity is extricated from it in larger quaulity, aod in a more con- 
centrated form llian before. This concenlratraJ electricity iaa^ain 
conveyed by Ihe fluid to the nent pair of the pliles, No. 4 aod 5, 
trhen It IB further increased by (he action of the duid in Ihe Ibird 
cell, and so on, to any oumber of plates, of which tbe battery may 
consist , so that the electrical energv will continue to accumuiale 
in proportion to the number oF double plates, the first zinc plale of 
the series being; the rnoat negative, and tbe last copper plate the 
most positive. 

Caroline. But does the battery become more and more strongly 
charged, merely by being allowed lo stand undisturbed ? 

Jin. B No : for tbe action will soon stop, as was eiplained be- 
fore tinlesH a vent be given to Ihe aceumulaled electricilies. This 
is easily done, however, by establishing a communicatioBJby means 
of the wires [See Fig 1 1,) between Ibe two ends of (he battery \ 
these being brought into contact, the two electricities meet and 
neutralize each other, producing Ihe shock and other effects'of 
electncity : and the action goes on with renewed energy, beiof no 
longer oMtrucled by Ihe accumulation of tbe two electrieities 
which impeded ila progress. 

Emily- Is it tbe union of Ihe Iwo electricities which produces the 
electric spark ? - 

Mra. B.'.Yes ; and it is, 1 believe, (his circumstance wbicbgave 
rise to Sir H< Davy's opinion, that caloriu may he a CMnpound of 
the two electricities-) . 

Cajvlint. Yet, stirfely, caloric is very differeal from the electoral 

Mn. B. TUedifference may consist, probably, only in intensity ; 



371. How wDoldyoo explain 
3TJ. How- would you explain 
Voltaic battery, so aa to produc , . ■ . = 

373. WhatdoesSirll. Davy suppose caloric to be f 
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for the beat of the electric spark is considerably /more intease 
though confioed to.a very miDute spot, than any heat we can pro-' 
duce by other means. \ 

Emily. Is it quite o'ertain that the electricity of ^he Voltaic 
battery is precisely of the same nature as that of the common elec- 
/ trical machine? 

Mn, B. Undoubtedly ; the shock given to the human body, the 
spark, the circumstance of the same substances which are conduct- 
ors of the one, being' also conductors of the other, and of those bodies, 
such as glass and sealing-wax, which are non conductors of the one, 
being also non c9nductors of the other, are striking proofs of it. — 
Besides, Sir H. Davy has shown, in his Lectures, tha^ a Leyden jar, 
and a common electric battery, can be charged with electricity 
obtained from a Voltaic battery, the effect proddced beiog perfect- 
ly similar to that obtamed by a common machine. 

Dr. Wollaston has likewise proved, that similar chemical decom- 
positions are effected by the electric machine and by <he Voltaic 
battery ; and has made other experiments which render it highly 
probable, that the origin of both electricities is essentially the same, 
as they show that (he rubber of the common electrical machinci 
like the zinc in the Voltaic battery, produces the two electricities, 
■ by combining with oxygen. 

'^ Caroline. But I do not see whence the rubber obtains oxygen, for 
there is neither acid nor water used in the common machine ; and I 
always understood that the electricity was excited by the friction. 
/' Mrs. B It appears that by friction the rubber obtains oxygen 
from the atmosphere, which is par ly composed of that element. The 
oxygen combines with the amalgam of the rubber, which is of a 
metallic nature, much in the same way as the oxygen of the acid 
combines with the zinc in the Voltaic battery, and it is thus that 
the tWo electricities are disengaged. 

Caroline But if the electricities of both machines are similar, 
why nofSise the common machine for chemical decompositions ? 

Mrs. B. Though its effects are similar to those of the Voltaic 
\battery, they are incomparably weaker. Indeed Dr. Wollaston, in 
using It for chemical decompositions, was obliged to act upon the 
most minute quantities of matter, and though the result was satis- 
factory in proving the similarity of its effects to those of the Voltaic 
battery, these effects were too small in extent to be in any consid- 
erable degree applicable to chemical decompositions. 

Caroline. How terrible, then, a shock must be from a Voltaic 
battery, since it is so much more powerful than an electrical ma- 
chine. 

Mrs, B, It is not nearly so formidable as you think ; at least it is 



374. How does the degree of heat iiKhe electric spark compare 
with that produced by other means ? 

375. What proves that the electricity in the Voltaic battery is of 
the same nature as that of the common electrical machine ? 

376. How do the rubber of the common electrical machine and 
the zinc in'the Voltaic battery produce the two electricities ? 

377. How does the rubber obtain oxygen, in the use of the com- 
mon electrical machine ? 

378. Wby is Bot the common electrical machine used for chemi^ 
cal decompositions ? 



ELECTRO-CHEHISTBY. 03 

b^ DO means proportional to the chemical effect. The f reat sope^ 
riority of the Voltaic battery consists in the larg^e quatUtty of elec\ 
tricity that passes : but in regpard to the rapidity or intensity of tho 
chaise, it is greatly surpassed by the common electrical machine/ 
It would seem that the shock or sensation depends chiefly u poo the 
intensity ; whilst, on the contrary, for chemical purposes, it is 
quantity which is required. In the Voltaic battery, the electricity, 
though copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma- 
chine will pass through any space of water. 

Caroline, Would it not be possible ta increase the intensity of 
the Voltaic battery till it should equal (hat of the common machine^? 

Mr». B. It can actually be increased till it imitates a weak elec- 
trical machine, so as to produce a visible sparK when accumulated 
in a Leyden jar. But it can never be raised sufficiently to pass 
through any considerable extent of air, because of the ready com 
niuntoation through the fluids employed. 

By increasing the number of plates of a battery, you increase its 
ititensUy, whilst, by enlarging the dimensions of the plates, you angj- 
ment its quantity — and as the. superiority of the battery over th^ 
common machine consists entirely in the quantity of electricity pro- 
duced, it was at firot supposed that it was the size, rather than the 
number of plates that was essential to the augmentation of power. 
It was however, found upon trial, that the quantity of electricity 
produced by the Voltaic battery, even when of a very moderate 
size, was sufficiently copious, and that the chief advantage in this 
apparatus was obtamed by increasing the intensity, which, howev- 
er, still falls very far^hort of that of the common machine. 

I should not omit to mention, that a very splendid, and, at the 
same time, most powe«*ful battery, was a few years ago, constructed 
under-lhe direction of Sir H Davy, which he repeatedly exhibited 
in his course of electro-chemical IcH^tures. It consists of two thou-^ 
sand double plates of zinc and copper, of six square inches in di-i 
mensions, arranged in troughs of Wedgwood -ware, each of which 
contains twenty of these plates. The troughs are furnished with a 
contrivance for lifUng the plates out of them in a very convenient 
and expeditious manner.* 

* \ model of this mode of construction is exh bited in (Fig. 15.) 
Note. In consequence of the discoveries qf Prof. Hare, of Phil- 
adelphia, the present theory of galvanism must probably undergo a 
radical change. This gentleman has invented a new method of ex- 
(ricatiner the voltaic influence, by so connecting the plates that in 
effect only two great surfaces of the metals are presented to each 
other. By this arrangement, the galvanic action on different sub- 



379. In what does the superiority of the Voltaic battery consist f 

380. In what *espectdoes the common electrical machine surpass 
the Voltaic battery ? 

3Bt. W|iat is the difference in the action of the Voltaic batterv, 
whether ^e nuflnber of plates is increased or their size is enlarged ^ 

382. Bow extensive was the large battery constructed by Sir H. 
Dayy? 

Saa, What American chemist luis distinguished himself by discover 
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CartUnt. Well, now tlwtwsiiDdonUuid tbemtureof theactbo 
or tbe Voltaic battery, I lon^ to hear an account of the obemical 
diicoreriet (o which it has giren riie. 

JVri. B. Tod miut restrain yoar impatience, my dear, for I cannot 
with any proprietT introdaoe theinbjaotor tboe discoreriA till we 
cMoe to tnera in Ine re^lar conrte or onr alDdies. There i*, how- 
erer. a recent diraoverr reapeoting the Voltaic pile, which, thooKh 
not immediBtelyconnectednithcbeniiitry.ii toocuTioostobc paw- 
ed oTOr in lilence. It relates to the infloenoe of electricity on mag- 
netiun, latelj diieaTered by a Dani*h philosopher, Mr. Oersted. 

CanHne, What! anima! maznetism ? I have often heard of mag- 
netic tractors ; bai [ thouK>it there was nci truth in them. 

■Wn. B. Nor is there ; it is only the magnttie neaUt to which I. 
allude. Ton already know someihing of tlie wniiilerriil properly of 
the magnetic needle to direct one uf its extremities Inwards the 
norlh; and yon mav eatilv conoeife how inleresting any new fact 
relating to (nil tmly myiltriom agent, must be to scieooe. Tbe 
priocipal fskctie this ; If n Voltaic battery be so placed as to hare itt 
negatire pole directed towardi (he sooth and its poiitive one towards 
the north, acommnoication beiogai Ihfe same lime esiahlished over 
the battery, between its two poles, by meane uf metallic wires ) and 
if a magnetic needle be suspendeii jast abore Ibe wire, and in a par- 
allel direction, Ibe needle will iminedialeiy move round upon its 

8tai»cea,has presented aonie new phenomena Thi* calorific principle 
isimmenmly increaaed. while ihe electric shock isbardty tnbeper- 
cn*ed. Pror. Hare has uanied this new apparatnacBtoriiRDfdr.orheat 
inoTf>r. The new 'iewB which he bas been induced to offer,aeein to 
be oon6rmed by 
Ibe aclion of tbe , 
calorimotor, rjz. 
(hat nlTaniBin is « _. 
compound of elec ^kd 
tricily and calo >w»" 
ic. This tl 
is obviogs, will 
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a. To what does then 

b. What is the princ 

^ 38-1 ff^hat dcti Mr. Hare ivppoie Galvaniim lo be 
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pirot, its northern eattrettity Erecting itaelf tofftrds ih^vtett^ more 
or less according to theenerry of the pile, while on the other hand, 
if the magnetic needle be placed below the Voltaic conductor, it 
will likewise berin to move round, but its north pole will, in this 
case point towards the east* 

Emily. How curious this is ! and pray how islhis singular effect 
explained ? 

Jirr«. B. It is one of the most intricate points of natural science, 
and one upon which philosophers can yet offer but very uncertain 
conjectures. Several of th^most eminent scientific men, however, 
are earnestly engaged in investigatiog the subject, and it is to be 
hoped, that some imporiant discovery may yet be made. In the 
mean time they have already ascertained many carious facts illus- 
trative of the influence which electricity and magnetism exert upon 
each other, one of the most striking of which is, that if a steel needle 
be placed trannersely upon the conductor of a Voltaic pile in action, 
the needle will^ in a rew seconds, become magnetic, so as to be ca- 
pable of attracting and repelling iron like magnets. Or if any por- 
tion of the conducting wire be turned into a spiral, and a'needle 
laid within its coils, but so as not to touch them, it will immediately 
become magnetic, as I shall easily show you the first time we set toe 
Voltaic pile in action ; for it is now too much exhausted to produce 
the effects in question. We shall therefore here terminate tnis con> 
versation, which has been already sufficiently long and difficult. ^ 



CONVERSATION VI. 

, ON OXYOEN AND NITROGEN. 

Mrs, B, To-day we shall examine the chemical properties of 

ATMOSPHEHE. 

Caroline I thought that we were first to learn the nature of ox- 
vosN which comes next in our table of simple bodies ? 

Mrs, B, And so you shall ; the atmosphere being composed of 
two principles/ oXTGEN and nitrogen,' we shall proceed to analyse 
it, and consider its component parts separately. 

Emily, I always thought that the atmosphere had been a very 
complicated fluid, composed ,of all the variety of exhalations from 
the earth. 

Jtfrt. B, Such substances may be considered rather as heterogene- 
ous and accidental, than as forming any of its component parts ; and 
the proportion they bear to the whole mass is quite incoubiderable. 

Atmospherical air is composed of two g^s, known by the 
names of oxtoen gas and nitrogen or azotic gas. 

Emily, Pray what is a gas .* 

* All kinds of air differing from the atmosphere are called by this 
uame.- 



c. VITliat other facts bate been observed on this subject? 
385. Of what is tiie atmosphere composed^? 
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' Jtfrf. B. The name of gas i$ given to any flaid capable of exist' 
zing constantly in an aenform state, under the pressure and at the 
ttemperatnre of the atmosphere. 

Caroline, Is not water, or any other substance, when evaporated 
b^ heat, called gas ? 

. Jh 't, B. No my dear ; vapour is, indeed, an elastic fluid, and 

bears a strong resemblance to a gas :^ there are, howerer, several 

points in which they essentially differ, and by which you may always 

distinguish them. Steam, or vapour, owes its elasticity merely to a 

high temperature, which is equal to that of boiling water. V And it 

differs from boiling water only by being united with more' caloric, 

* which as we before explained, is in a latent state. When steam is 

cooled, it instantly returns to the form of water \ but air. or gas, 

iias never yet been rendered liquid or solid, by any degree of cold. 

' Emily. But does not gas, as well as vapour, owe its elasticity to 

• caloric ? 

Mrf. B, It is the prevailing opinion ; and the differeoce between 
Tgas and vapour is thought to depend on the different manner, in_ 
! which caloric is united with the basis of these two kinds of elastic" 
'fluids. In vapour it is considered as in a latent state ; in gas, it is 
supposed to be chemically combined. 

Emily. When you speak, then, of the simple bodies oxygen and 
nitrogen, you mean to express those substances which are the bases 
of the two gases ? 

/ Jlfr*. B, Yes, in strict propriety ; for they can properly be called 
tgascs, only when brought to an aeriform state. 

Caroline, In what proportions are they combined in the atmos- 
p!here ? 

Mrs, B. The oxygen |as constitutes a little more than one-fifth, 
and the nitrogen g^s a little less than four fifths.* When separated, 
they are found to possess qualities totally different from each other. 
For oxygen gas is essential both to respiration and combustion, 
while neither of these processes can be performed in nitrogen gas. 

Caroline, But if nitrogen gas is unfit for respiration, how does it 
happen that the large proportion of it which enters into the compo- 
sition of the atmosphere is not a great impediment to breathing f 

Mrs, B, We should breathe more freely than our lungs could 
bear, if we respired oxygen gas alone. The nitrogen is no imprdi- 
ment to respiration, and probably on the contrary, answers some 
useful purpose, though we do not know in what manner it acts in 
that process. 

* In 100 parts of the atmospheric air, there is 51 of oxygen and 
79 of nitrogen.— C. 



386. What is a gas? 

387. What is the difference between vapour and gas ? 
3t{8. To what does vapour owe its elasticity ? 

389. To what do the gases owe their elasticity ? 

390. When may oxygen and nitrogen be called g^es ? 

391. What is an essential difference between oxygen and nitro- 
gen, when separated ? 

39?. If nitrogen gas is unfit for respiration, how does it happen, 
that the large proportion of it, which enters into atmospheric air, 
' does notcause an impediment in breathing ? 
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Emily. And by what means can the two gases, which compose 
the atmospheric air be separated ? 

Mrt, B, There are many ways of fmalvsin^ the atmosphere : the 
two gases may be separated first by combustion. 

Emi^, You surprise me ! how^ is it possil^e that combustion 
should separate them ? 

Jlfr«* B. I should preriously inform you, that till within a few 
•years, oxygen was supposed to be the only simple body naturally 
^combined with negative electricity. Sir H. Davy has smce added 
chlorine and iodine to that number, but they are bodies of inferior 
importance. In all the other elements the positive electricity pre- 
vads, and they have consequently, all of them, an attraction for 
oxygen, ft 

Caroline, That surprises me extremely ; how then are the com- 
binatioos of the other bodies performed, if, according to your expla- 
nation of cbemial attraction, bodies are supposed only to combine 
in virtue of their opposite stales of electricity ? 

Mrs, B. Compound bodies, in which oxygen prevails over the 
other component parts, afe also neffative^ but their negative energy 
is greater or less m proportion as toe oxygen predominates. Those 
compounds into which oxygen enters in less proportion than the 
other constituents, are positive, but (heir positive energy is dimi- 
'nished in proportion to the quantity of oxygen which enters 'into 
their composition. 

Bodies, therefore, that are not already combined with oxygen, 
will attract it, and, under certain circumstances, will absorb it from 
the atmosphere, in which case the nitrogen gas will remain alonei, 
and may thus be obtained in its separate state. 

Csroane. I do not understand how a gfas can be absorbed ? 

Mrs. B, It is only the oxygen, or basis of the gas, which is absorb- 

f If chlorine or oxymuriatic gas be a simple body, according to 
Sir H. Davy^s view of the subject, it must be considered as an ex- 
ception to this statement ; but this subject cannot be discussed till 
the properties and nature of chlorine come under examination. 

f The hypothesis that combustion, as well as chemical affinity are 
electrical phenomena, was first proposed by Berzelius, of Stock- 
holm. The theory is shortly this. In all cases, where the particles 
. of bodies have a chemical attraction for each other, they are in op- 
posite states of electricity, ^nd the force of their union » in proper^ 
tion to the intensity of, these electrical states, since it is this wnich 
forces them to unite. '\Thus the particles of an acid and an alkali 
unite, because one Is strongly negative and the other strongly posi- 
tive. In case of combustion, these difierent states are still more in- 
tense, oxygen always being in the negative state, and the combusti- 
ble in the positive; and when a union takes place, heat and light is 



393. Can the two g^ases that compose the atmospheric air be se- 
panted P 

994. in what propdriioni are oxygen and nUrogen combined in 9f* 
monhericair? 

!fys* What causes negative electricity .' 

396> Bow caneombBStioQ separate them ? 

391* How is calorie pffodoced in combnstion ! 

999** ITT^f UlAef^6oryQ/tHmi6tMfionpropo«ed6yB«r«it»at' 
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ed ; and the tfro electricities escaping^, that is to say, the negative 
from the ozyg^en, the positive from the burningf body, unite and 
\T)roduce caloric. 
\ Emily. And what becomes of this caloric ? 

Mrt, B. We shall make this piece of dry wood attract oxygen 
from the atmosphere, and you will see what becomes of the caloric. 

Caroline, You are joking, Mr. B. : you do not mean to decom- 
pose the atmosphere with a piece of dry stick ? 

Mra. B. Not the whole body of the atmosphere, certainly ; but if 
we can make this piece of wood attract anj quanti(y-of oxygen 
from it, a proportional quantity of atmospherical air will be decom- 
posed. ^ 

Caroline. If wood has so strong an attraction ibr oxygen, why 
does it not decompose the atmosphere spontaneously ? 

Mrs. B, It is found by experience, that an elevation of tempera- 
ture is required for the commencement of the union of the oxygen 
and the wood. 

This elevation of temperature was formerly thought to be neces- 
sary, in order to diminish the cohesive attraction or the wood, and 
enable the oxygen to penetrate and combine with it more readily. 
But since the introduction of the new theory of chemical combina- 
tion, another cause has been assigned, and it is now supposed that 
the high temperature^ by exalting the electrical energies of bodies, 
and consequently their force of attraction, facilitates their combi- 
nation. • 

Emily, If it is true that caloric is composed of the two electrici- 
ties, an elevation of temperature must necessarily augment the 
electric energies of bodies. 

Mrs. B. I doubt whether that would be a necessary consequence ; 
for admitting this composition of caloric, it is only by being decom- 
posed that electricity can be produced. Sir H. Davy, however, in 
his numerous experiments, has found it to be an almost invariable 
rule, that the electrical energies of bodies are increased by elevation 
of temperature. 

What means, then, shall we employ to raise the temperature of 
the wood, so as to enable it to attract oxygen from the atmosphere ? 

Caroline. Holding- it near the fire, I should think, would answer 
the purpose. 

Mrs. B. li may, provided you hold it sufficiently close to the fire ; 
for a very considerable elevation of temperature is required. 

Caroline- It has actually taken fire ; and yet I did not let it touch 
the coals, but 1 held it so very close that I suppose it caught fire 
merely from the intensity of the heat. 

Mrs. B. Or you might say, in other words, that the caloric which 



the consequence. This theory is not well prored, nor generally 
adopted. — C. 

399. If wood has a strong attraction for oxygen, why does it no^ 
decompose the air spontaneously f 

400. Why is it necessary to heat a combustible substance to make 
it burn ? 

401. Are the electrical energies of bodies increased by elevation 
of temperature ? 

402. Why will a piece of wood when held near the fire, bum, 
although it does not touch the coals ? 
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the wood imbibed, to much elevated its temperatare, and. exalted 
its electric energ^y, as to enable it to attract oxygen very rapidly 
from the atmosphere^ 

Emily, /Does the wood absorb oxygen while it is burninr f 

Mrs, B, Yes ; and the heat and light are produced by the anion 
of the two electricities which are set at liberty, in consequence of 
the oxygen combining with the wood. 

Caroline, You astonish me ! the heat of a burning body proceeds 
then as much from the atmosphere as from the body itself P 

Mrs. B, It was supposed that the caloric given out during com- 
busiion, proceeded entirely, or nearly so, from the decomposition 
of the oxygen gas; but according to Sir H. Davy's new view of 
the subject, both the oxygen gas and the combu^itibie body codcui^ 
in supplying the heat and light, by the union of their opposite elec* 
tricities. 

Emily, I have not yet met with any thing in chemistry that has 
surprised or delighted me so much as this explanation of combus- 
tion. I was at nrst wonderinc; what connexion there could be be- 
tween the affinity of a body for oxygen and its combustibility ; but 
1 think I understand it now perfectly. 

^ Mrs, B./Combustion, then, you see, is nothing more than the 
rapid combination of a b^dy with oxygen, attended by the disen- 
gagement of light and heat; 

Emily. But are there no^combustible bodies whose attraction for 
, oxygen is so strong, that they will combine with it, without tne ap- 
plication of heat ? 

Caroline. That cannot be ; otherwise we should see bodies bur- 
ning spontaneously. 

Mts. B, But there are sope instances of this kind, such as phos- 
phorus, potassium, and some compound bodies, which I shall here- 
after make you acquainted with. These bedies, however, are pre- 
pared by art, for in general, all the combustions that could occur 
spontaneously, at the temperature of the atmosphere, have already 
taken place ; therefore new combustions cannot happen without 
the temperature of the body being raised Some bodies, however, 
will bum at a much lower temperature than others. 

Caroline. But the common way of burning a body is not merely 
to approach it to one already on fire, but rather to put the one in 
actual contact with the other, as when I burn this piece of paper by 
holding it in the flame of the fire. 

Mrs.B, The closer it is in contact with the source of caloric, 
the sooner will its temperature be raised to the degree necessary 
for it to burn. If you hold it near the fire, the same effect will be 
produci^d; but more time will be required, as you found to be the 
case with the piece of stick. 

Emily. But why is it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up the elec- 
tric energy of the wood, which is required to enable it to combine 
with the oxygen ? 



403* When a substance burns, whaf docs it absorb ? 

404. How are heat and light produced ? 

405. What is combustion ? 

406. Why do not bodies burn spontaneously ? 

407. What are instances of combustion without a previous in- ^^ 
crease of temperature .' 
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Jdrs. B. The calorio which is gradaally produced by the iwo 
electricities during combustion keeps nptbe temperature of the« 
burning bod^ ; so that when once combustion has begun, no fur- 
ther application of caloric ia required. 

Caroline, Since I bare learnt this wonderful theory of combus- 
tion, I cannot help g^ing at the fire ; and I can scarcely conceive 
that the heat and light, which I always supposed to proceed entire- 
ly from the coals, are really produced as much by the atmosphcnre. 
/ Emily, When you blow the fire, you increase the combustion, I 
i suppose, bj supplying the coals with a greater quantity of oxygen 
\gas. 

Jirs, B. Certainly ; but of course no blowing will produce com- 
bustion, unless the temperature of the coals be first raised. A sin- 
gle spark, however, is sometimes sufficient to produce that effect ; 
for, a^ I said before, when once combustion has commenced, the 
caloric disengaged is sufficient to elevate the temperature of the 
rest of the body, provided that there be a free aqcess of oxygen. 
It however sometimes happens that if a fire be ill made, it will be 
extinguished before all the fuel is consumedifrom the very circum- 
stance of the combustion being so slow that the caloric disengaged 
is insufficient to keep up the temperature of the fuel. JYou must re- 
collect that there are three things required in order to. produce 
combustion ; a combustible body, oxygen, and a temperature at 
which the one will combine with the other.' 

E*^ii'*i Vou Said that combustion was one method of decompos- 
ing the atmosphere, and obtaining the nitrogen gas in its simple 
state ; but how do you secure this gas, and prevent it from mixmg 
with the rest of the atmosphere f 



Mn, B. It is necessary for this purpose to 
burn the body within a close vessel, which is 
easily done. — We shall introduce a small light- 
ed taper under this glass receiver, which stands 
in a basin over water, to prevent all communi- 
cation with the external air.* • 

Caroline, How dim the light burns already ! 
It is now extinguished. 

Mrs. B, Can you tell us why it is extin- 
guished ? 

Caroline, Let me consider. — T)ie receiver 
was full of atmospherical air ; the taper, in 



Fig. 16. 




Combustion of a taper ood^r a 



recairer* 



* To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold, twist it pretty 



408. Why is it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up the elec- 
tric, energy of tne wood, which is required to enable it to combine 
with the oxygen ? 

409. Why does blowing the fire increase combustion P 

410. Whv will fire be sometimes extinguished before all the wood 
is consumea ? 

411. What three things are necessary to produce combustion ? 

412. Why will a burning taper placed under a glass receiver, as 
figure 16, soon become extinguished f 
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burning within it, mast have combined with the oxygen contained 
in ttuLt air^ and the caloric that was disengaged proaoced the light 
of the taper Bat when the whole of the oxygen was absorbed, the 
whole of its electricity was disengaged ; cooseqnenlly no more ca- 
loric conld be produced, the taper ceased to burn, and the flame 
was extinguished. 

Mrs. B. Tour explanation is perfectly correct. 

Emily. The two constituents of the oxygen gas being thus dis- 
posed of, what remains under the receiver must be pure nitrogen 
gas. 

Mrs, B, There are some circumstances which prevent the nitro- 
gen gas thus obtained, from being perfectly pure ; but we may 
easily try whether the oxygen has disappeared, by putting another 
lighted taper under it.— /Vou see how instantaneouslj the flame is 
extinguished, for want of^xygen to supply the oegative electricity 
required for the formation of caloric ; and were you to put an am- . 
mal under the receiver, it would be immediately saflbcated. Bot 
that is an experiment which 1 do not think your curiosity will tempt 
you to try. 

Emily. Certainly not. But look, Mrs. B., the receiver is full of 
a thick white smoke. Is that nitrogen gas ? 

Mrs. B. No, my dear ; nitrogen gas is perfectly transparent and 
invisible, like common air This cloudiness proceeds from a vari- 
ety of exhalations, which arise from the burning taper, the nature of 
which you cannot yet understand. 

Caroline. The water in the receiver has now risen a little above 
its level in the basin What is the reason of this ? 

Mrs. B. With a moment's reflection, I dare say you would have 
explained it yourself. The water rises in consequence of the oxy- 
gen g^s withm it having been destroyed or rather decomposed, oy 
the combustion of the taper. 

Caroline. Then why did not the water rise immediately when the 
oxygen gas was destroyed ? 

Mrs. B. Because the heat of the taper, whilst burning, occasion- 
ed a dilatation of the air in the vessel, and a production of carboAic 
acid, which at first counteracted this effect. 

Another means of decomposing the atmosphere is the oxygenation 
of certain metals. This process is very analagous to combustion ; 
it is, indeed, only a more general term to express the combination 
of a body with oxygen. 

Caroline. In what respect, then, does it differ from combustion ? 

Mrs. B. The combination of oxygen in combustion is always ac* 

hard. Cotton wick does belter than the cloth. A quart tumbler 
makes a good receiver. Two or three inches of the taper can be 
fastened to a piece of wire, bent so that it will stand up. Thus the 
experiment is easily made.— C. 



413. How long will it burn thus placed under a receiver ? 

414. What would be the consequence if an animal were placed 
under the receiver ? Why ? 

415. What is another method of decomposing the air ? 

416. In what respect does oxygenation differ from the decompo- 
sition of air by combustion? 

9* 
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Gompanied by a disettgau^eiDent of ligfht and heat ; Whilst this cir^ 
cumstaDce is not a necessary consequence of simple oxyg'enation. 

CaroHne*, But how can a body absorb oxygen without the com- 
bination of the two electricities which produce caloric ? 

Mrs, B. Oxygen does not always present itself in a gaseous form ; \ 
it is a constituent part of a vast number of bodies, both solid and li- 
quid, in which it exists in a state of greater density than in the at- 
mosphere ; and from thesA bodies it may be obtained without much 
disengagement of caloric. "It may likewise, in some cases, be ab- 
sorbed from the atmospherdHrithout any sensible production of light 
and heat ; for, if the process be slow, the caloric is disengaged in 
such small quantities and so gradually, that it is not capable of pro- 
ducing either light or heat. In this case the absorption of oxygen 
is called oxygenation or oxydaiion, instead ofcomhuationy as the pro- 
duction of sensible light and heat is essential to the latter. \ 

Emily, I wonder that metals can unite with oxygen ; fop, as they 
are so dense, their attraction of aggregation must be very great ; 
and I should have thought that oxygen could never have penetrated 
such bodies. 

Mrs, B.f Their strong attraction for oxygen counterbalances this 
obstacle. ^Most metals, however, require to be made red hot, be- 
fore they fcire capable of attracting oxygen in anv considerable 
quantity. By this combination they lose most, of their metallic 
properties, and fall into a kind of powder, formerly called calx^ but 
now much more properly termed 2XkiQxyd\ thus we have oxyd of 
lead^ oxyd ofirtm^ &c.* 

Smily. And in the Voltaic battery« it is, I suppose, an oxyd of 
zinc, that is formed by the union of the oxygen with that metal. * 

Mrs, B, Yes, it is. 

Caroline' The word oxyd, then, simply means a metal combined 
with oxygen. 

Mrs, B, Yes ; but the term is not confined to metals, though 
chiefly applied to them \Any b(jdy whatever, that has combined 
with a certain quantity ofbxygenji either by means of oxydation, or 
combustion, is called an oxyd, and is said to be axydated or oxygena- 
ted. 

Emily. Metals, when converted into oxyds, become, I suppose, 
negative. 

: Mrs, B, Not in general ; because in most oxyds the positive en- 
ergy of the metal, more than counterbalances tne native energy of 
i^e oxygen with which it combines. 
^This black powder is an oxyd of manganese, a metal which has so 

* Red Lead and Rust of Iron, — C. 



417. Does oxygen always exist in a gaseous state ? 

418. When is the absorption of oxygen called oxygenation, or 
oxydation ? 

419. How can oxygen penetrate metals, since their attraction of 
aggregation is so great ? 

420. What is the chemical name for red lead and rust of iron ^ 

421. What is an oxyd ? 

43S. If oxyds are a combination of metals and oxygen, whv are 
they not negative? '''* ' ^ 
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strong^ an affinity for oxygen, that it attracts that substance from 
the atmosphere at any known temperature; it is therefore never 
found in its metallic form, but always in that of an ozyd ; in which 
state, you see it has very little of the appearance of a metal. It is 
now heavier than it was before oxydation^n consequence of the ad- 
ditional weight of the ozvgen, with which it has combined. 

Caroline. 1 am very glsul to hear that ; for I confess I could not 
help having some doubts whether oxygen was really a substance, as 
it is not to be obtained m a simple and palpable state : but its weight 
is, I thinks a decisive proof of its being a real body. 

Mrs. B. It is easy to estimate its weight, by separating it fronn 
the manganese, and finding how much the latter has lost. j ^ 

Emily* But if you can take the oxygen from the metal, shall we 
not then have it in its palpable simple state ? 

'>«. B. No ; for I can only separate the oxygen from the maor 
ganese, by presenting to it sonieotner body, for which it has agreatt 
er affinity than for the manganese. Caloric affordiog the two elec* 
tricities is decomposed, and one of them uniting with the oxygen, 
restores it to the aeriform state. 

Emily, But you said just now, that manganese would attract ox- 
ygen from the atmosphere in which it is combined with the nega- 
tive electricity ; how, therefore, can theox)rgen have a. superior 
affinity for that electricity, since it abandons it to combine with the 
manganese ? 

Mrs. B. I give yo^ credit for this objection, Emily ; and the on- 
ly answer 1 can make to it is, that the mutual affinities of metals for 
oxygen, and of oxygen for ejectricity, vary at different tempera- 
tui«s ; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygen, whilst on the contrary, the former will be 
compelled to part with the latter, when the temperature is further 
increased. I have put some oxyd of manganese into a retort,^ 
which is an earthen vessel with a bent neck, such as you see here. 
(See Fig 17, No. 1.) The retort containing the manganese you can- 
not see, as 1 have enclosed it in this famace, where it is now red-hot. 
But, in order to make you sensible of the escape of the gas, which 
is itself invisible, I have connected the neck of the retort with this 
bent tube, the extremity of which is immersed in a vessel of water. 
(See Fig. 17, No. 2.) Do you see the bubbles of air rise through 
the water? 

Caroline. Perfectly. This, then, is pune oxygen gas ? What a 
pity it should be lost. Could you not preserve it f 

*To collect oxygen gas, take an oil flask, and having fitted a cork 
to it, pierce the cork so as to admit a bent glass tube ; (the bending 
is done over a spirit lamp.) Put into the flask some black oxyd of 
manganese, and pour on sulphuric acid enough to make it into a 
paste. Then put in the cork and tube, and having connected the 
other end of the tube with a receiver, in the tub of water, apply the 
heat of an Argand lamp.—C. 



433. How can it be determined that oxygen has weight ? 
424. How can oxygen be separated from manganese after having 
been oxydated ? 
435. Hoto may pure oxygen be collected ? 
426. How would you describe the experiment represented in fig- 
's 17 ? 



nre 



104 



OXYGEN AND NITBOOEN. 



Figr. 17. 




No. 1. At retort on a •Uod.»No. 2. A, Furiutoo. B, Earthen Retort in tho furnace. 
C, Water Batb. D .ReceiTor. E £, Tube conTeyinr the ;u from the Retort throi^h the 
water into the Rcceirer. F F Ff Shelf perforated on which the Receiver •tandi. 

Mrs. B We sfiall collect it in this receirer. For this purpose, 
you observe, I first fill it with water, in order to exclude the at- 
mospherical air ; and then place it over the 'bubbles which issue 
from the retort, so as to make them rise through the water to the 
upper part of the receiver. 

Emily. The babbles of oxygen gas rise, I soppose, from their 
specific levity ? 

J^rs. B. Yes ; for though oxygen forms rather a heavy gas, it 
iis light compared lo water. You see how it gradually displaces the 
water from the receiver. It is now full of gas, and I may leave it 
inverted in water on this shelf, where I can keep the gas as long as 
I choose, for future experiments. This apparatus (which is indis- 
pensable in all experiments in which gases are concerned) is called 
a water- bath.* 

Caroline. It is a very clever contrivance, indeed ; equally simple 
and useful. How convenient the shelf is for the receiver to rest 
upon under water, and the holes in it for the gas to pass into the re- 
ceiver ! I long to make some experiments with this apparatus. 

Mrs. B. 1 shall try your skill that way, when you have a little 
more experience. I am now going to show you an experiment, 
which proves, in a very striking manner, how essential oxygen is 
to combustion. You will see that iron itself will burn in this gas, 
in the most rapid and brilliant manner. 

* A common large sized wa8b-tub,with a board 4 or 5 inches wide 
fixed through the middle, and about 6 inches from the top, and filled 
with water, will answer very well for a great variety of experiments 
on the gases.— C. 



427. How does the weight of oxygen gas compare with that of 
water? 

438. Hoiv may the great tendency of oxygen to produce combus- 
tion, be proved ? 
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Caroline. Really! IdidDOlknoir thatit <rupDa»bletaburairoD. 

Emily. Iron is a simple body, and jou know, Carolme, Ihat all 
simple bodiesAre Daturallj positivej and therefore must have aa if- 
liDitT Tor oij^u. ' 

JUri. B. Iron trill, however, not burn in almospliericdl air willi- 
out a veij great elevatioa of temperature ; but it is emiaently com- 
bustible in pure oiyg^n ^aa'i and what nill surprise you still more, 
it can he set on fire wilhaul an; coDsiderable rise of temperature.' 
You see thiupiral irein wire.* — I fasiea it a( one end to this cork, 
vrbicb is ms^ to fill an openiog at the top of tbe glass receiver. 
Fiff lU. 

Emily. I see the opening in the receiver; 
but it ia carefullj' closed by a groucd glass- 

JVrt. B. Thalis in orxler to prevent (he gas 
from escapiag ; but I shall take out the stop- 
per, and put in (he cork, 'o nhicb the wire 
hangs. Now I mean to burn this wire in the 
oxygen gas, hut I must fix a ainall piece of 
lighled lioder to the eilremity of it in order 
to give the first impulse to combustion ;. far, 
however powerful oiygen is in promoting 
combustion, you must recollect that it cannot 
take place without same elevatioD of tempera- CoKbuiiiiD or una win la 
ture. 1 shall now introduce the wire into the """ *"■ 

receiver, by quickly cliaoging the stoppers. 

Canting. U there do danger of the gas escaping while you 
chans'e (he stopiiers ? 

Jfn B. Oxygen gaa ia a little heavier Ih'an atmospherical air, 
therefore it will not mix wilh it very rapidly ; and if I do-not leave 
the openinR uDcovered, we shall not lose anv 

Caroline. Oh. what a bnlhant and beaulirul flame '. 

Emily. I ( is as white and dazzling as the sun 1 — ?Iow a piece of 
the melted wire drops lo the bottom ; I fearit is eilii^uisbed j but 
- no. it hurni aEcainas brighi asever- 

Mri. B If will hiirn till the wire it entirely consumed, .irovided 
the oivf^Hn i-< no* lir^t expended i for you know it can burn only 
whilt> there is oivgen (<> combine with it. 

Caroline. V never saw a more beautiful light. My eyes can 
bardh ^"arit'. Mow astunishin^ lo think lliat all this caloric was 
contained in the small quanlily of ga« and iron that was enclosed 
in tlio receiver : and that without producing any visible heat ! 

EmUy. How wonderfully quick com oust ioD goes on in pureoxy- 

• The combustion of slecl. as a watch spring, ia much more vivid 
than that of iron. This afibrds a very beautiful exi>eriment, and 
^Beaiily made after the oxygen is collected. A bottleof while glass 
of a quart capacity does well as a receiver. An inch of water a* 
the bottom will prevent its breaking..^'. 



perature ? 

431. Which is lightest, oxygen ^s or atmospherical air ? 
433. How long will a piece of irtm burn in oxygen gas } 
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gen gas ! Bat pray, are thQse drops of burnt iron as heavy as the 
wire was before ? 

Mrs. B, They are even heavier ; for the iron in burning, has ac- 
tauired exactly the weight of the oxygen which has disappeared, 
and is now combined with it. It has become an oxyd of iron. 

> Caroline. 1 do not know what you mean by saying that the oxy-* 
gen has disappeared, Mrs. B , for it was always invisible. 

Mrs,B. True, my dear; the -expression was incorrect. But 
though you could not see the oxygen gas, I believe you had no dou bl 
of its presence, as the effect it produced on the wire was sufficiently 
evident. 

Caroline Yes, indeed ; yet you know it was the caloric, and not 
the oxygen gas itself, that dazzled us so much. 

Mrs. B. You arcj not quite correct in your turn, in saying the 
caloric dazzled you i for caloric is invisible ;\it effects only the sense 
of feeling ; it was tne light which dazzled you. 

Caroline, True ; but light and caloric are such constant com- 
panions, that it is difficult to separate them, even in idea. 

Mrs. B. The easier it is to confound them, the more careful you 
should be in making the distinction. 

Caroline. But why has the water now risen and filled part of the 
receiver ? 

Mrs. B. Indeed, Carohne, I did not suppose you would have ask- 
ed such a question ! I dare say, Emily, you can answer it. 

Emily, Let me reflect . . The oxygen has combined with the 
wire ; the caloric has escaped ; consequently nothing can remain 
in the receiver, and the water will rise to fiU the vacuum. 

Caroline. I wonder that I did not think of that. I wish that we 
had weighed the wire and the oxygen gas before the combustion ; 
we might then have found whether the weight of the oxyd was equal 
to that of both. 

Mrs. B. You might try the experiment if you particularly wish- 
ed it ; but 1 can assure you that, if accurately performed, it never 
fails to show that the additional weight of the oxyd is precisely equal 
to that of the oxygen absorbed, whether the process has been a real 
combustion or a simple oxygenation. 

Caroline. But this cannot be the case with all combustions in 
general ; for when any substance is burnt in the common air so far 
from increasing in weight, it is evidently, diminished, and sometimes 
entirely consumed. 

Mrs. B. But what do you mean by the expression consumed? You 
cannot suppose that the smallest particle of any substance m nature 
can be actually destroyed. A compound body is decomposed by 
combustion; some of its constituent parts fly off in a gaseous form, 
while others remain in a concrete state ; the former are called the 
volatile, the latter the^a:erf products of combustion. But if we col- 
lect the whole of them, we shs^ll always find that they exceed the 

433. Why will the component parts of a compound body that has 
been decomposed by combustion, weigh more than the compound 
body did ? 

434. What is the impropriety in saying that a person is dazzled 
by caloric ? 

L 435. Can a particle of any sut>stance be actually desjroyed ? 

L 436. What is the fixed product in combustion f 

* 437. What is the volatile product in combustion ? 
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weight of the combustible body, by that of the oxygen which has 
combiDed with them during combustion. 

Emibf. In the combustion of a coal fire, then, I suppose that tlie 
ashes are what would be called the fixed product, and the smoke 
the volatile product ? 

Mrs, B. Yet when the fire burns best, and the quantity of vola- 
tile products should be the gpreatest, there is no smoke ; how can 
you account for that ? 

Emily* Indeed 1 cannot ; therefore I suppose that I was not right 
in my conjecture. 

J\ir8. B. Not quite; ashes as 3'ou supposed, are a fixed product 
of combustion ; but smoke, properly speaking, is notooe 01 the vo- 
latile products, as it consists of some minute undecomposed particles 
of coals which are carried off by the heated air without being 
burnt, and are either deposited in the form of soot, or dispersed by 
the wind. Smoke, therefore, ultimately becomes one of the fixed 
products of combustion. As you may easily conceive that the 
stronger the fire is, the less smoke is produced^ because the fewer 
particles escape combustion. \ On this principle aepeods the inven- 
tion of Argand's Patent Lamps ; a current of air is made to pass 
through the cylindrical wick of the lamp, by which means it is so 
prentifully supplied with oxygen, that scarcely a particle of oil es- 
capes combustion, nor is there any smoke produced. 

Emily. But what then are the volatile products of combustion ? 

Mrs, B. Various new compounds with which you are not yet ac* 
quainted, and which being converted by caloric either into vapour 
or gas, are invisible : but they can be collected, and we shall exam- 
ine them at some future period. 

Caroline, There are then other gases, besides the oxygen and ni- 
trogen gases. 

Mrs. B. Yes, several ; any substance that can assume and main- 
tain the form of an elastic fluid at the temperature of the atmos- 
phere, is called a gas. We shall examine the several gases in their 
respective places ; but we must now confine our attention to those 
which compose the atmosphere. 

I shall show you anothermethod of decomposing the atmosphere, 
which is very simple. 1 In breathing, we retain a portion of the 6x- 
vgen, and expire the nitrogen gas ;\so that if we oreathe in a clos- 
ed Tessel, for a certain length of time, the air within it will be de- 
prived of its oxygen gas. Which of you will make the experiment ? 

Caroline. I should be very glad to try it. 

Mrs. B. Very well; breathe several times through this glass tube 
into the receiver with which it is connected, until you feel that your 
breath is exhausted. 

Caroline. I am quite out of breath already ! 

Mrs. B. Now let us try the gas with a lighted taper. 

Emily. It is very pure nitrogen gas, for the taper is immediately 
extioguished. 

Mrs. B. That is not a proof of its being pure, but only of the ab- 
sence of oxygen, as it is that principle alone which can produce 
combustion, every other gas being absolutely incapable of it* 

* This does not ag^e with the opinion that ehJibrine and iodine 
are simple bodies, since they are both siipporters of combustion.-C 



438. Why is there no smoke when the fire bums best ? 

439. How can the atmosphere be decomposed by breathing 
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Ermly. Jo the methods which you have shown us, for decoinpo- 
siD^ the atmosphere, the oxyg^en always abandons the 'nitrogen ; 
but is there no way of taking the nitrogen from oxygen, so as to 
obtain the latter pure from the atmosphere ? 

Jfrs B. You must observe, that whenever oxygen is taken from 
the atmosphere, it is by decomposing the oxygen gas ; we cannot do 
the same with the nitrogen gas, because nitrogen has a stronger af- 
finity for caloric than for any other known principle ; it appears 
impossible, therefore, to separate it from the atmosphere by the pow- 
er of affinities. But if we cannot obtain the oxygen gas by this 
means, in its separate state, we have no difficulty (as you have seen) 
to procure it in its gaseous form, by taken it from those 8ubstan<;es 
that have absorbed it from the atmosphere, as we did with the oxyd 
of manganese. ^ 

Emily, Can atmospherical air be recomposed, by mixing due 
proportions of oxygen and nitrogen gases ? 
' Mrs, B. Yes : if about one part of oxygen g^s be mixed with 
^about four parts of nitrogen gas, atmospherical air is produced.'*' 
^ Emily. The air, then, must be an oxyd of nitrogen ? 
(^ Mrs, B, No, my dear ; for it requires a chemical combination 
'.between oxygen and nitrogen in order to produce an oxyd ; whilst 
m the atmosphere these two substances were separately combined 
with caloric, forming two distinct g^es, which are simply mixed in 
the formation of the atmosphere. 

I shall say nothing more of oxygen and nitrogen, at present, as 
we shall continually have occasion to refer to them in 01^ r future 
conversations. They are both very abundant in nature (/nitrogen 
is the most plentiful m the atmosphere, and exists also in all animal 
substances V oxygen forms a constituent part both of the animal and 
vegetable Kingdoms, from which it may be obtained bv a variety of 
chemical means. But it is now time to conclude our lesson. I am 
afraid you have learnt more to-day than you will be able to remem- 
ber. 

Caroline, 1 assure you that I have been too much interested in 
it, ever to forget it. In regard to nitrogen there seems to be but 
little to remember ; it makes but d very insignificant figure in com- 
parison to oxygen, although it composes a much larger portion of- 
the atmosphere. 

Mrs, B, Perhaps this insignificance you complain of, may arise 
from the compound nature of nitrogen, for though I have hitherto 
considered it as a simple body, because it is not known in any nat- 
ural process to be decomposed, yet from some experiments of Sir H. 
Davy, there appears to be reason for suspecting that nitrogen is a 

*The proportion of oxygen in the atmosphere varies from 21 to 
23 per cent. 



440. Why may not oxygen be taken from.the atmosphere so as to 
Itaxe the nitrogen pure i 

441. How can atmospheric air be produced by the union of oxy- 
gen and nitro^n ? 

442. Why is not the union that takes place between oxygen and 
nitrogen in the production of atmosphenc air, an oxyd ? 

443. Where do oxy^n and nitrogen exist .' 

444. Is nitrogen a simple or a compound substance i 
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Gompoupd body, as we aball Me allenrafds. But even in its simple 
. state it will not appear so insignificant when you are better ac- 
<|uainted with it ; ror though it seems to perform bnt a passive part 
in the atmosphere, and has no very striking properties, when con* 
sidered in its separate state, yet you will see by and by what a very 
important agent it becomes, when combined wHh other bodies. But 
no more of this at present ; we must reserve it for its proper place. 



CONVERSATION VH. 

ON HYDROGEN. 

Caroiine, The next simple bodies we come to are chlorine and 
IODINE. Pray what kind of substances are these i* Are they also 
invisible .' 

Jtfr«. B. No ; for chlorine, in the state of gas, ^ has a distinct 
greenish color, and is therefore visible ; and iodine, in tbe same 
state, has a beautiful claret-red colour. These bodies, 1 have al- 
ready informed you, are,, like oxygen, endowed with the negative 
electricity ; but the explaoation of their properties, implies various 
considerations, which you would not yet be able to understand ; we 
shall therefore defer their examination to some future conversation, 
ao'J we shall go on to the next simple substance, hydrogen, which 
we cannot, any more than oxygen, obtain in fl visible or palpable 
form. We are acquainted with it only in it^lfaseous state, as we 
are with oxygen and nitrogen. 

Caroline. But in its gaseous state it cannbt be called a simple 
substance, since it is combined with heat aifd electricity f 

Jfrt. B, True, my dear ; but as we do not know in nature, of any 
substance which is not more or less combined with caloric and elec- 
tricitjT, we are apt to say that a substance is in its pure state when 
combined with those agents only. 

Hvdrogen was formerly called in/lammahlt'Mr^ as it is extremely 
combustible, and burns with a great flame. Since the invention of 
the new nomenclature, it has obtained the name of hydrogen, whiqh 
is derived from two Greek words, the meaning of which is to prO' 
duet fDoter. 

Emily. And how does hydrogen produce water ? 

Jtf r«. i3\ By its combustion. \ Water is composed of 89 parts, by 
|r weigli . of oxygen, combined with 11 parts of hydrogen ; or of two 
parts, by bulk, of hydrogen gas, to one part of oxygen gas. 

Caroline. Really ! is it possible that water should be a combina- 
tion of two g^ses, and tj^t one of these should be inflammable air! 
Hydrogen must be a most extraordinary gas that will produce both 
fire and water. 

EmUy. But I thought you said that combustion could take place 
in no gas but oxygen. 



445. Of what color are chlorine and iodine ? 

446. What does the term hydrogen signify ? . 

447. What was it formerly called .' 

448. How doeshydro|^en produce water ^ 

449. In what proportions do oxygen and hydrogen combine to 
produce water? 10 
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Mrs. B. Do yoQ recollect what the processor combastioii con'* 

sistsin? 

Emily. Id the combination of a body with oxygen, with disen* 
gagement pf light and heat. 

J\fra, B. Therefore when I say that hydroffen is corobosUble, I 
mean that it has an affinity for oxygen ; but, like all other combnsti- 
ble substances, it canool bom unless supplied with oxygen, and also 
heated to a proper temperature. 

Caroline. The simply mixing 1 1 parts of hydrogen, with 89 parts 
of oxygen gas, will not. therefore, produce water. 

Mn B- No; water being a much denser fluid than gases, in or- 
der to reduce these g^ses to a liquid, it is necessary to diminish the 
quantity of caloric or electricity which maintains them in an elastic 
form. 

Emihf. That 1 should think might be done by combining the 
oxygeo and hydrogen together ; for in combining, they would give' 
out their respective electricities in the form of cai^rfc, and by this 
means would be condensed. 

Carohru, But you forget, Emily, that in order to make the oxy- 
gen and hydroffen combine, you must be^in by elevating their tem- 
perature, which increases, instead of dimmishing, their electric en> 
ergies. 

Mti B, Emily is, bowerer, right ; for though it is necessary to 
raise their temperature, in order to make them combine, as that 
combination anbrds them the means of parting with their electrici- 
ties, it id eventually the cause of the diminution of electric energ^» ' 

CoroHne, You lore to deal in paradoxes to-day, Mrs. 6, Fire, 
then, produces water. 

Jtfrx. B. The combustion of hydrogen gas certainly does ; but 
yon do not seem to hare remembered the uieory of combustion so 
well as you thought you would. Can you tell me what happens in 
the combustion of hydrogen gas ? 

CaroHne, The hydrogen combines with the oxygen, andtheir op^ 
posite elecfrtcities are disengaged in the form of caloric/\ Yes, I 
think I understand it now — by the loss of this caloric, the gases are 
condensed into a liquid. 

jEJmi/i/ Water, then, I suppo.se, when it evaporates and incorpo- 
rates with the atmosphere, is decomposed, and converted into .hy- 
drogen and oxygen gases.. 

J*irs. U. No, my dear— there you are quite mistaken : the de- 
composition of water is totally different from its evaporation ; for 
in the latter case (as you should recollect) water is only in a state of 
very minute division ; and is merely suspended in the atmosphere, 
witnont any chemical combination, and without any separation of 
its constituent parts. As long as these remain combined, they form 
WATER, whether in a state of liquidity, Or in that of an elastic fluid, 
as vapor, or under the solid form of ice. 



450. When it is said that hydrogen is combustible, what is inten- 
ded .> 

45 1 • Will simply mixing eighty five parts of oxygen and fifteen 
of hvdrogen, produce water ? 

4!S. 1v hat IS necessary ? 

453. What happens in the combustion of hydrogen gas ? 

454. What is the difference between the decomposition and crap- 
-omtieo of water .^ "^ *^ 
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Iq our experiments on latent heat, you may recollect that we 
caused water successirely to pass thron|^h these three forms, merely 
by an increase or diminution of calonc, without employing^ any 
power of attraction, or efiecting any decomposition 

Caroline* Bot are there no tneanA of decomposing^ water ? 

Mrt.B. Yes^seyeral; charcoal, and metals, when heated red hot,' 
will attract the oxygen from water, in the same manner as they will 
from the atmosphere. 

Caroline, Hydroeen, I see, is like nitrogen, a poor dependant 
friend of oxjn|^en, wnich iscontinnaliy forsaken for greater favorites. 

Mn. B The connection, or friendship, as you choose to call it, 
is much more intimate between oxygen and hydrogen, in the state 
of water, than between oxygen and nitrogen, in the atmosphere ; 
for. in the first case, there is a chemical nnion and condensation of 
the two substances ; in the latter, tbev are simply mixed together 
in their gaseous state. You will find, however, that in some cases, 
nitrcwen is quite as intimately connected with oxygen, as hydrogen 
is. But this is foreign to our present subject. 

Endiy* Water, then, is an oxyd, though the atmospherical air is 
not. 

J^rs, B. It is not commonly called an oxyd, though, according to 
our definition, it may, no doubt, be referred to that class of bodies. 

Caroline, I should like extremely to see water decomposed. 

Jlfr«. B, 1 can gratify your curiosity by a much more easy pro- 
cess than the ox^daticD of charcoal or metals ; the decomposition 
of water by these latter means takes up a great deal of time, and is 
attended with much tronble ; for it is necessary that the charcoal 
or metal should be made red hot in a furnace, that the water should 
pass over them in a state of vapour, that the gas formed should be 
collect^ over the water bath, ice. In short, it is a very complica- 
ted operation.' But the sameefiect ma> be produced with the great- 
est facility, by the action of the Voltaic battery, which this will give 
me an opportunity of exhibiting. 

Caroline, I am very glad of that, for I longed to see the power of 
this apparatus in decomposing bodies. 

Jtfirj. B. Forthis purpose I fill this piece of glass tube with wa- 

Fig. 18. ter, and cork it 

up at both ends ; 
through one oif 
the corks I intro- 
duce that wire 
of the battery, 
which conveys 
the positive elec- 

Appantia for Uu dceomporition of water bj tlw ToItaM Ratttry. tricity ; and the 




456. What are the means of decomposing water ? 

466. What is the difference between the union of oxygen and ni- 
trogen, and the union of oxvgen and hydrogen ? . 

457. May water be considered an oxyd ? 

458. What is the inconvenience of decomposing water by the ox- 
ydation of charcoal or metals ? * ... ,r ,* . 

459. How may water be decomposed by the use of the Voltaic 

battery <• 
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wire which conreys the negative electricity is niade to pass through 
the other cork so that the two wires approach each other sufiicient- 
lynear to gire out their respective^electncities. 

Caroline. It does oot appear to me that you approach the wires 
so near as you did when you made the battery act by itself. 

Jdrs B Water beiog a better conductor of electricitjr than air, 
the two wires will act oo each other at a greater distance in the for- 
mer, than in the latter case. 

Emily. Now the electrical effect appears; I see small bubbles 
of air emitted from each wire 

J(fr«. B' Each wire decomposes the water ; the positive by com- 
bining with its oxygen, which is negative ; the negative by com- 
bining: with its hydrogen, which is positive. 

Cnroline. That is wonderfully curious ! : but what are the small 
bubbles of air ? 

Mrs. B Those that appear to proceed from the positive wire, 
are the result of the decomposition of the water by Ihat wire. That 
is to say. the positive electricitv having combined with some of the 
oxygen of the water, the particles of hydrogen which were combin- 
ed with that portion of oxygen are set at liberty, and appear iu the 
form of small bubbles of gas or air. 

Kmily, And I suppose the negative fluid, having Jn the same 
manner combined with some of the hydrogen of the water, the par- 
ticles of oxygen that were combined with it, are set free, and emit- 
ted in a gaseous form. 

M.r», B. Precisely so But 1 should not forget to observe, that 
the wires used in this experiment are made of piatina, a metal which 
is Dot capable, of combining \. ith oxygen \ for otherwise the wire 
would combine with the oxygen, and the hydrogen alone would be 
disengaged. 

Caroline. But could not water be decomposed without the elec- 
tric circle being completed ? If, for instance, you immersed only the 
positive wire in the wat^r, would it not combine with the oxygen, 
and the hydrogcin gas be given out? 

Mrs B. No ; for as you may recollect, the battery cannot act 
unless the circle be completed ; since the positive wire will not give 
out its electricity, unless attracted by that of the negative wire. 

Caroline, i understand it now. But look, Mrs. B., the decompo- 
sition of the water which has been going on for some time,'does not 
sensihly dminish its quantity — what is 'he reason of that ? 

Mrs. B. Because the (quantity decomposed is so extremely small. 
If you compare the density of water with that of the gases into 
which it is resolved, you must be aware that a single drop of water 
is sufficient to produce thousands of such small bubbles as those you 
now perceive. 

Caroline* But in this experfment, we obtain the oxygen and hy- 
drogen gases mixed together. Is there any means of procuring the 
two gases separately ? 

Mrs. B. They can be collected separately with great ease by 



460. Which is the best conductor of electricity, water or air ? 

461. What remarkable property has piatina ? * 

462. Why cannot water oe decomposed unless the electric circle 
is completed ? 
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modifying a little the asperimeDt Thas, if iostead of one tabe, #e 

employ two, u jroa see here (c, d,) (Fig. 19,] both tubes beiDsrclos- 

Fig« 19. ed at one end, and open at the other ; and 

Ai^"^tov ..^e-Si. z ^^ ^^^^ filling these tubes with water, we 

A jffik yTVTNr place them standior in a i^lass of water (e) 

iC k Hf > ^'^ **"•'"■ op«n end downwards, you will 

IM mk see that the moment we connect the 

yf^^^ wires (a, b,) whieh proceed upwards from 

Xthe interior of each tube, the one with one 
end of the battery, and the other with the 
other end, the water in the tubes will be 
decomposed \ h^drog^n will be ^ven oat . 
round the wii« in the tube connected with 
the |)ositiye end of the battery, and oxy- 
gren in the other , and these gases will be 
App^stoi ror<i.eo.p«d.af ir.ter f^o've^ exjctiy in the proportions which 
¥7 y oiiue Kbotrioitf «i4 •Maiaiar 1 havo before mentioned, namely, two 
tiMfMtt Npante. measures of hydrogen for one of oxygen. 

We shall now beg^n the experiment, but 
it will be some time before any sensible quantity of the gases can. 
be collected. 

Emily, The decomposition of water in this way, slow as it is, is 
certainiV very wonderful ; but I confess that I should be still more 
gratified, if you could show it us on a larjg^er scale, and by a quicker 
process. 1 am ^rry that the decomposition of water by charcoal 
or metals is attended with so much inconvenience. 

Jlfr«. B, Water may be decomposed by means of metals without 
any difficulty ; *but for this purpose the fn'tervention of an acid is re- 
quired Thus, if we add some sulphuric acid (a substance with the 
nature of which you are not yet acquainted] to the water which the 
metal is to decompose, the acid enables the metal to comhioe with 
the OTjgen of the water so readily and abundantly, that no heat is 
required to hasten the process, uf this 1 am going to show you aa 
instance. I put into this bottle the water that is to be decomposed, 
the metal that is to effect that decomposition by oombinin|^ with the 
oxygen, and the acid which is to facilitate the combination of the 
metal and the oxygen. You will see with what violence the^e will 
act on each other.* 

* To obtain hydrogen, fit a cork airtight to an oil flask, and pierce 
it with a burning iron, to admit a tube. The tube may be of glass, 
lead, or tin, bent to a convenient shape, and put into the opening 
made by the hot iron. Pour into the flask about a gill of water, and 
drop into it about an ounce of zinc, |pranulated by melting, and 
pouring it into cold water. Then pour m half an ounce by measure 
of sulpnuric acid, and immediately put the cork into its place, and 
plunge the other end of the tube under a receiver, or large tumbler, 
filled with water, and inverted in the water bath. The nask^rows 
hot and the gas begins to rise, the instant the acid is poured in ; a 
place therefore must previously be prepared to set it ; and if nothing 
better is at hand, a bowl, with a cloth in it, to prevent breaking 
the flask, and set at a convenient height will do very well.-->C. 

463. How can water be decomposed so as to procure the two 
ywa separate ? *< 

464. How may water be decomposed by means of iron filings ? 

10* 
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CaroUne. But what metal is it that joii employ for this purpose f 

J^n, B. It is iron ; aod it is used ip the state of filings, as these 
present a ^eater surface to the acid than a solid piec^ of metal. 
For as it is the surface of the metal vrfaicb is acted upon by the acid 9 
and is disposed to receive the oxygen produced by the decomposi- 
tioD of the water, it necessarily follows that the g^reater is the sur- 
face, the more considerable is the efface The babbles which are 
now rising' on the hydrogen gas 

Caroline. How disag^reeable it smeUs ! 

Jt/rt. B. It is indeed iinpleasant, though I believe not particularly 

, hurtful. We shall noU however, 8i|ffer any more tq escape, as it 

will be wanted for experiments yhall therefore collect it in a 

glass-receiver, by makmg it pass thrbugh this bent tube, which will 

conduct it into the water-bath. (Fig. 20. ^o. I.) 

Fig. ^^0. 




1. Appantw fw prafwriDf and eoUcctutg hydr>(c*)' &■*»' 3. &ecett<>r <.. 

iarerted uver water. 



> yar^teu gas 



Emtly. How very rapidly the gas escapes ! it is perfectly trans- 
parent, and without any colour whatever. Now the receiver is full. 

Mrt B. We shall therefore remove it and substitute another in 
its place. But ypu must observe, that when the receiver is full, it 
is necessary to keep it inverted with the mouth underwater, other-^ 
wise the gas would escape. And in order that it may not be in the 
way, r introduce within the bath, under the water, a saucer into 
which I slide the receiver, so that it can be taken out of the' bath 
and conveyed any where ; the water in the saucer being equally ef- 
fectual in preventing its escape as that in the bath. (Fig. 20. No. 2.) 
^ Emily. I am quite surprised to see what a large quantity of by-. 
drogen gas can be produced by so small quantity of water, especi- 
allyas oin|rgen is the principal constituent of water. 

Mrs. B. In weight it is ; but not in volume. For though the pro- 
portion, by weight, is nearlv eight parts of oxygen to one of hydro- 
gen, yet the proportion of the volume of the gases is about one ptfrt 



465. Why are iron filings, in this experiment, better than a soUd 
piece of metal ? 

466. How may hydrogen gas be collected as the water is decom- 
posed: 

467. What are the proportiona of oxygen and hydrogen in water? 
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of oxygen to two of bydrogen ; so much heavier is the former than 
the latter.* 

Cwrolme.' But why is the vessel in which the water is decompose(i 
so hot ? As the water changes from a liquid to a gaseous form) cold 
sbou4d be produced instead- of heat. 

JIfrf. B* No ; for if one of the constituents of water is converted 
into gsis, the other becomes solid in combining with the metal. 

Emily, In this case, then, neither heat nor cold should be produ- 
ced ? 

•Afr«. B. True ; but observe that the sensi )le heat which is dis- 
engaged in this operation, is not owing to tlie decomposition of the 
water, but to an extrication of beat produced by the mixture of wa- 
ter and sulphuric acid. I will mix some water and sulphuric avid 
together in this glass, that you may feel the surprismg quantity of 
heat which is disenraged by their union — now take hold of ihegfass. 

Caroline. Indeed I cannot ; it feels as hot as boiling water. 1 
should have imagined there would have been heat enough disenga- 
ged to have rendered the liquid solid. 

Jfrs- B* 4s, however,. it. does not produce that effect, we cannot 
refer this beat ta the modificatiou cahed latent heat. We may 
however, I think, consider it as heat of capacity, since the liquid is 
condensed by its loss ; and if you were to repeat the experiment, in 
a graduated tube, you would find the two liquids, wben'mixed, oc- 
cupy considerably less space than they did separately. But we will 
reserve this to another opportunity, and attend at present to the 
hydrc^cn gas which we have iieen producing. 

If I now set the' hydrogen gas which is contained in this receiver 
at liberty all at once, and kindle it as^ soon as it comes in contact 
with the atmosphere, by presenting it to a candle, it will so sudden- 
ly aad rapidly decompose the oxygen gas, by combining with its ba- 
sis, that an explosion or a detonation (as chemist b commonly call it) 
will be produced. For this purpose,! need only take up the receiv- 
er, and quickly present its open mouth to the candle so . , . 

Caroline, It produced only a sort of hissing noise, with a vivid 
flash of light I had expected a much greater report. 

Jdrs, B. And so it would have been, had the gases, been closely 
confined at the moment they were made to explode. If, for in* 
stance, we were to put in this bottle a miKtiire o( hydrogen ffas and 
atmospheric air. ; and if^ after corking the bottle, we should kindle 
the mixture by a very fine orifice, from the sucMen dilatation of the 
ffases at the moment of their combination, the bottle most either 
fly to pieces, or the cork be blA#n out with considerable violence. 

Caroline But in the experiment which ive have just seen, if you 
did not kindle the hydrogen gas, would it not equally combine with 
the oxygen ? # 

Mrs. B, Certainly not : for, as I have just explained to you, it is 
necessary that the oxygen and hydrogen gases be burnt together, 
in order to combihe chemically and produce water. 

''' Hydrogen is about \Z times lighter than atmospheric air.--C. 



468. How much ligMer is hydrogen Uuui comnumrair ? 

469. How can h 
withaUmd report 

470. How can the experiment named be varied so ai to produce 
loud report' 



468. How much HgtUer is hydrogen Uuui CQm,fnon'air ? 

469. How can hydrogen gas be made to produce an explosion 
ithaUmd report? 
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Caroline. Tbat is trae ; but 1 thmglit Una wu a difbrent com- 
biuatioa, for I see no water prodaced. 

Mri B. Tbe water rEsattiog fn>m thii detantition wusotuult 
in quaDtitj. and in aucha slate of minute diTinon, at to beinrisibje. 
But water certaiaJy was produced ; Ibr oxjgen is incapable oTonm- 
biain;; with bjdiogea in any other proportions thao those which 
form water ; therefore, water must always be the result oF Iheir 
combioalioD. 

If, iDstead or brioging (be bydro^n gas into sudden contact with 
Ihe almoipbere, (as we did just now,) so ns to make the whole o{ it 
explode the monient it is bindled. we allow but a rerj small tnrtace 
of gas. to bum in contact with the atmosphere, the combustion g^oes 
OD qnietl; and gradually at the point of contact, without any deto- 
nation, becauno thesurraces brought together are too Bmall for the 
immediate uoion of the gases. The experiment is a verv easy one. 
This phial, with » narrow neck, (Figr.at. No. I.) is fuHofhjdrogen 
gas. and is carfifuilj corked, li I lake onl the cork without mo- 
ving the phial, and quickly approach Ihe candle to the orifice, you 

will see how diflereni Ibe result will be * 

(Pig. 31.) Emily. How prettily it burns, with a blue dame ! 

„ The dame Is gradually aiokiug within the pliial — 

now it has entirdi disappeared. Bm does not this 
combaslion libewiie produce water ? 

JUri. B Uodoubledlj. In order to make the 
formation of the water sensible la jou I shall pro- 
cure a fresh supply of bydrogeo gas. by putting into 
this bottle (Fig. 91. No. 3.) iron filings, water, and 
BQlphuric acid. " aierials similar lo those which we 
have just used for the same purpose. I shall Ibeo 
cork up the bolile, leaving only a small ori6ce in 
Ihe cork, with a piece of glass tube fixed to it, 
through which tiie gas will issue io a continued nk- 
pid streaiD. 

Cayfdine. I hear already the hissing of Ibe gas 
ihraugli the tube, and I can fsel a strong current 
against my hand. 
JUrt. a. This cnrrent 1 am going to kindle witb 

the candle-see how vividly it burns 

Emitt/. It burni like a candle with a great flam^. 

But why does this combustioD last so much Iong«r 

1, sifis comiKaiiDi.(han in the former experiment ' 

VjmmTim rniii™- *"''''• ^' "^^ combustion goes on aslntermptedlir' 

iix ii» bwiinn orBB long as the new gas continaea to be prodooed. — 

nui tj a^aia^-J^ow ifl invert tbis receiveroter the flame, yovsrill 

• The levity of hydrogen is such, (hat if a vessel be filled witb it, 
and kept inverted, it may be carried about tbe room without its es- 
caping. The above experiment therefore may be made hy bring- 
ing a small jar, or tumbler of gas over a lighted lamp.— C. 



4TI. Can oxymn and hjdn^n combine ia any other propor- 
tioos than to produce water f 

472. What is represented in figure SI > 

473. Howcan it Iw made tobninlikeacandlei' 

474. If an inverted receiver filled with hydrc«et) gas be held orer 
the hme of a lamp, what will be «Mn od its iatem^ anrface ! 
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soon perceive its iaternal surface covered with a very fine devr, 
which is pure water.—* .... 

CaroHne, Yes, indeed ; the glass is now quite dim with moist- 
ure ! How glad I am that we can see the water produced by this 
combustion. * 

Emih^. It is exactly what I was anxious to see ; fori confess I 
was a little incredulous. 

Mrs B. If I had not held the glass bell over the flame, the wa- 
ter would have escaped in the state of vapour, as it did in the former 
experiment We have here, of course, obtained but a very small 
-quantity of water ; but the difficulty of procuring a proper appara- 
tus, with sufficient quantities of gases, prevents my showing it you 
on a larger scale. 

The composition of water was discovered about the same period, 
both by Mr.. Cavendish, \in this country, and by the celebrated 
French cherrhst, \tiavoisifen The latter invented a very perfect 
and ingenious apparatus,lo perform with great aocuracj , and upon a 
large scale, the formation of ^roter by the combination of oxygen, 
and hydrogen gases. Two tubes, conveying due proportions, the^ 
one of oxygen the other of hydrogen gas, are inserted at opposite 
sides of a large globe of glass previously exhausted of air ; the two 
streams of^as are kiqdled within the globe, by the electrical spark, 
at the point where they come in contact ; they burn together, thai 
is to say, the hydrogen combines with the oxygen, the caloric is set 
at liberty, anid a quantity of water is produced, exactly, equal in 
weight to that of the two gases introduced into the globe. 

Carolin*i. And what was the greatest quantity of water ever 
formed in this apparatus ? 

Mr». B, Several ounces; indeed, very nearly a pound, if Irecol- 
lect right ; but the operation lasted many days. 

Emily, This experiment mnst have convinced all the world of 
the truth of the discovery. Pray if improper proportions of the 
gases were mixed and set fire to, what would he the result ? 

Jtfr*. B. Water would equally be formed, but there would be a 
residue of either one or other of the gases, because, as I have al- 
ready told you, hydrogen and oxygen will combine only in the pro- 
portions requisite for the formation of water 

Emity. Look, Mrs. B., our experin\ent with the Voltaic battery, 
(See. Fig. 19,) has .made great progress ; a quantity of gas has been 
formW in each tube, but in one of them there is twice as much as in 
in the other 

Jdra B. Yes ; because, as I said before, water is composed ot 

* The burning of a candle, lamp, wood, &o. always produces wa-' 
ter. The tallow and oil contain hydrogen, and during coinbustjon, 
it unites with the oxygen of the atmosphere. Hold a wide tube 
over a lamp, and it is soon covered with moisture. Wood contains 
hydrogen.— C 



475. How it water produced byiheturning of a candle^ lampAc.? 

476. What chemists discovered the composition of water ? 

477. How would you describe the apparatus invented by Lavoi- 
Bier for converting oxygen and hydrogen gases into water ? 

478. What would be the result if other proportions of oxygen 
and hydrogen gas were mixed than is proper for the production o( 
water ? - ' / 
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two volumes of hydrog^en to one of oxygen-*-and if vre should now 
mix these g^ses tog^etber and set fire to them by an electrical spark, 
both rases would entirely disappear, and a small quantity of water 
would be formed. 

There is another curious effect produced by the combustion of 
hydroeen g^as, which 1 shall show you, though 1 must acquaint you 
first, that I cannot well explain the cause ofit For this purpose, I 
must put some materials into our apparaius, in order to obtain a 
stream of hydrogfen g^s, just as we have done before. The pnxsess 
is already going on, and the gas is rushing through the tube, 1 shall 
now kindle it with the taper. 

Emily, It burns exactly as it did before — What is the curious 
effect which you are mentioning ? 

Jlrs. B. Instead of the receiver, by means of which we have 

just seen the drops of water form, we shall invert over the flame this 

piece of tube, which is about two feet in length, and one inch in diam- 

(Fig. 22.) eter but you must observe that it is open at both ends* 

Emily. What a strange noise it produces * something 

like the ^olian harp, hut noi so sweet. 

Caroline. It is very singular indeed ; butt. think rath- 
er too powerful to be pleasing And is not this sound 
accounted for^ 

Mrt, B. That the percussion of glass, by a rapid 
stream of gas« should produce a eound, is not extraoitii- 
nary ; but the sound nere is so peculiar, that no other 
gas has a similar effect. Perhaps it is owing to a brisk 
vibratory motion of the glass, occasi ned by the succes- 
sive formation and condensation of small drops of water 
M on the sides of the glass tube, and the air rushing in to 
11 replace the vacuum formed.* 

CnroHne. How very much this flame resembles the 
burning of a candle. 

•Mfrs. B The burning of a candle is prodipced by much 
the same means. A great deal of hydrogen is contained 
in candles, whether nf tallow or wax. Thisliydrogen be- 
ing cooverteil into gtt^ hy the heat of the candle, com- 
bines with the'oxygfenofthe atmosphere, and flame and 

water resuk from the combination. So that in fisct, the 

Ati«i«t« ferflame of a candle is owing to the combustion of hydrogen 
(.rodvetaf Har-flras. Au olevatioo of temperature, such as is produced 
m«ikie •^^'ll'vl^by a lighted match or taper is required to give the first 
lfb7^tii*g«k inM^il^ to t^^ combustion ; but afterwards it goes on of 
itself because the candle finds a supply of caloric in the successive 
quantities of beat which result from the union of the two electrici- 
ties given out by the gases daring their combustion. But there are 
other circumstances connected with the combustion of candles and 
lamps, which I cannot explain to you till you are acquainted with 
carb9n^ whkh is one of their constituent parts. In g^eneral, howev- 
er, whenever you see flame, you may infer that it is owing to the 

* This ingenious jel^laaation was first su|[gestedhy Dr. Delarive. 
See JooroalB of tlie.Ro^ LDstitution, vol. i.,p. 259. 
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479. What ^ijorioos experiment is exbibited'ln figure S2 ? 

480. Hoirls a commftn candle made to bora ^ 
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formation and burning^ of bydrosfen g^a^ ; for flame is the pecu- 
liar mode of barainff hydrogeo gat, which with ooljr odo or two ap- 
parent exceptions, does xm/l beloDg ^o any other combustible. 

Emi^. You astonish me ! I understood that flame was the calo- 
ric produced by the union of the two electricities, in all combus- 
tions whatever ? 

Mrs. S. Your error proceeded from your vague aod iocorrect, 
idea of flame ; you have confounded it with ii^^ht and caloric in / 
general. Flame always implies caloric, since it is produced by the 
combustion of hydrogen g^ ; but all caloric does not imply flame. 
Many bodies bum with intense heat without producing flame. 
Coals, for instance, bum with flame, until all the hydrogen which 
they contain is evaporated ; but when they afterwards become red 
hot, much more caloric is diseng^ed than when they produce 
flame. 

Caroline. But the iron wire, which you burnt in oxygen |^as, ap- 
peared fo me to emit flame ; yet<, as it was a simple metal, it could 
contain no hydrogen. 

J^rt. B. It prcxluceda sparkling, dazzling blaze of light, but oo 
real flame. 

Emily. And what is the cause of the regular shape of the flame 
of a candle ? ' ~ 

Jlfr«. B. The regular steam of hydrogen gas, which exhales from\ 
its combustible matter. 

Caroline. But the hydrogen gas must, from its great levity, as- 
cend into the upper regions of the atmosphere ; why, therefore, 
does not the flame continue to accompany it f 

Jirt. B. The combustion of the hydrogen gas is completed at the 
point where the flame terminates : it then ceases to be hydrogen 
gas, as it is converted, by its combination with oxygen, into watery 
vapour ; but in a state of such minutedivision as to be invisible. 

CaroUne. I do not understaodi what is the use of the wick of a 
candle, since the hydrogen gas burns so well without it. 

Mrt^ B. The combustible matter of the candle must be decom-. 
posed in order to emit the hydwDgen gas : and the wick is instru-^j 
. mental in effecting this decomposition. Its combustion first meU& 
the combustible matter, and — 

Caroline, But, in lamps, the combustible matter is already fluid, 
and yet they also require wicks. 

Mrt. B. .1 am going to add, that afterwards, the burning •wick 
(by the power of capillary attraction) grradually draws up the 0uid 
to the point where combustion takes place ; foi you must have ob- 
served that the wick does not burn quite to the bottom. 

'''Or rather hydro- tarbonat, a gas composed of hydrogen and car- 
bon, which will.be noticed under the head Carbon. 

f The candle also contains carbon, which gives brilliancy to the 
flame, and the product of combination besides flame and water is 
a quantity of carbonic acid.— C 



481. WhatiitaidiniktnoUof ike burning of a candle? 
489. What is flame P 

483. How Ion? win coals bnrn^ith flame f 

484. To what is the regular shape of the flame of a candle owing ? 

485. If the flame of a candle is produced by Hydrogen gas, why 
is the wick necessary ? 
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Caroline. Yes ; but I &b not underatftnd why it does not. 
Mn, B. Because the air has not so free an access to that part of 
the wick which is immediately in contac^^itb the candle as to the 
part just above, so that the beat there is not sufficient to produce 
Us decomposition ; the combustion, therefore, begins a little above 
this point.* 

Caroline. But, Mrs. B., in those beautiful lights, called gas 
lights, which are now seen in so many streets, and will, 1 hope, be 
sooD adopted every where, I can perceive no wick at alL How 
are these lights managed ^ 
Mrs. B. I am glad you have put me in mind of saving a few 
. words on this very useful and important improvement. In this mode 
of lighting, the gas is conveyed to the extremity of a tube, where 
it is kindled and hums as long as the supply continues. There is 
' therefore, no occasion for a wick, or any other fuel whatever. 
Emily. But how is this gus procured in Ruch large quantities ? 
Mrg, B. It is- obtained from coal, by distillation. Coal, when 
exposed to heat in a close vessel, is decomposed ; and hydrogen, 
which is one of its constituents, rises in the state of gas, combined 
with another of its component parts, carbon, forming a compound 
gas, c^Wedi^'flydrO'CarhonaU the nature of which we shall again 
have HU opportunity of noticing- when we treat of carbon. This 
gas, like hydrogen, is perfectly transparent, invisible, andhgbly 
inflammable ; and, in burning, it emits that vivid light which you 
have so often observed. 

Caroline, And does the process for procuring it require nothing 
but heating the coals, and conveying the gas through tubes ^ 

Mrs. B. Nothing else, except that the g^s must be made to pass, 
immediately at its formation, through two or three large vessels of 
water,f in which it deposits some other ingredients, and especially 
water, tar. and oil, which also arise from the distillation of coals. 
The gas-light apparatus, therefore, consists simply in a large iron 
vessel, in which the coals are exposed to the heat of a furnace,^- 
some reservoirs of water, in which the gas deposits its impurities, 
and tubes that convey it to the delired spot, being propelled with 
uniform velocity through the tubes by means of a certain degree of 
pressure which is made upon the reservoir. 

* In the burning of a candle, the reason why combustion does not 
take place in immediate contact with the tallow, is, that the caldric 
is here employed in converting a solid into a fluid, as explained in 
the conversation on free caloric. In the burning of a lamp, if the 
same thing takes place, it is because the metallic tube through 
which the wick passes, conducts off the heat. — C. 

f The gas is passed through one vessel of slacked lime and water 
to absorb the carbonic acid g^as, with which it is always more or 
less mixed, when first distillM.— C. 



486. Why is it that the wick of a candle does not burn to the bot- 
tom? 

487. How are gas lights made to bum without wicks ? 

488. What is the gas called, used in lighting the streets of some 
large cities? • ♦ 

489. How is it obtained ? " 

490. Of what does the gas light apparatus consist ? 
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Emily. What an admirable contrivance ! Do you not think, Mn. 
B., that it will soon be universally adopted? 

J\Ir8.*B, Most probably ; for the purpose of lig^hting streets, offi- 
ces, and public places, it far surpasses any former invention : but in 
reg'ard to the interior of private houses, this mode ofli^htinghas not 
yet been sufficiently tried to know whether it will be found gene- 
rally desirable, either with respect to economy or convenience. It 
may, however, be considered as one of the happiest applications of 
chemistry to tbe comforts of life; and there is every reason to sup- 
pose that it will answer the full extent of public expectation. 

I have another experiment to show you with hydrog-en gas, which, 
1 think, will entertain you. Have you ev«r blown bubbles with 
soap and water f 

Emilif, Yes, often, when I was a child ; and I used to make them 
float in the air by blowing them upwards. 

Mn, B, We shall fill some bubbles with hydrogen gas, instead 
of atmospheric air, and you will see with what ease and rapidity 
they will ascend, without the assistance of bloating, from the light- 
ness of the gas. — Will you mix some soap and water, whilst I fill 
this bladder with the gas contained in the receiver which stands en ■ 
the shelf in -the water bath ? 

Caroline, What is the -use of the brass-stopper and turn-cock at 
the top of the receiver.^ 

Mrs. B. It is to afford a passage to the gas, when reouired. There 
is, you see, a similar stop-cock fastened to this blaader, Whicb is 
made to fit on the receiver. I screw them one on the other, and 
now turn the two cocks, to open a communication between the re- 
ceiver and the bladder ; then, by sliding the receiver off the shelf, ^ 
and gently sinking into the bath, the water rises in the receiver, ^ 
and forces the gas into the bladder. (Fig. 23, No. I.) 

Caroline. Yes. I see the bladder swell as the water rises in Htm 
receiver. 

J\frs. B. 1 thiuk that we have already a sufficient quantity in (he 
bladder for our purpose ; we must t>e careful to stop both the cocks 
before we separate the bladder from the receiver, lest the gas should 
escape. — Now I must fix a pipe to the stopper of the bladder, and by 
dipping its mouth into the soap and water, lake up a few drops i then 
I again turn the cock, and squeeze the bladder, in order to tbrce the 
gas into the soap and water, at the mouth of the pipe. (Fig. 23, No. 

«.) 

Emily* There is a but>blie ; but it bursts before it leareft th« 
mouth of the pipe. 

Airs B. We must have patience and try ag^ain; it is not so eaiy 
to blow bubbles by means of a bladder, as simply with the breath. 

Caroline. Perhaps tliere is not soap enough in the water. 1 should 
liaTe had warm water ; it would have dissolved the soap better. 

Emily. Does not some of the gas escape between the bladder and 
the pipe ? 

491. What is said of lighting streets, offices, and public places 
.with this gas ? 

492. How can bubbles of soap and waiter be made to £oat in tbe air? 
How can these bubbles be made so as to explode on setting lire 

to them ? (See page 123.) 

493. What is represented in 23, No. 1 and 2? . 

11 
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blowlBf 8««p bobblM. 




r^^ No ; they are pMibcUy air tight ; we shall succeed pre- 



v|e^gr, :i tfare say. 

' ^i^aroHne. Now a bubble ascends ; it mores with the rapidity of x 
balloon. How beantifoll^ it refracts the light , 

' JBm%. It has burst against the ceilinr — ^yoo succeed now woo- 
derfiiUy ; but why do they all ascend and burst against the c^eilinr ? 



Jdrt, B* Hydnifea gasis so much lighter than atmospherical Mr, 
that it tiaoMb rapidly with its rery light enrelope, wnich is burst 
by the ^roe with which it strikes the ceiling. 

Air-^lloons are filled with this gas, and if they carry no othfer 
weighf than their coreriDg,would ascend as rapidly as these bubUes* 

Carolim, Tet tbeur coTonng must be aucn bearier than that of 
these bubbles ? 

Jl&t. B. Not in proportion to the quantity of gas they contain* 
i do not know whether you hare ever been present at the filling of 
a laige balleon. The apparatus lor that purpose is rery simple. 
It consists of a number of ressels, either jars or barrels, in which the 
materials for the formation of the gas are mixed, each of these be- 
ing furnished with a tube, and communicatiiig with a long flasible 
pipe which conreys the gas into tiie balloon. 

Endfy. But the fire-bsdloons which were first inTonled, and ha;re 
been since abandoned, on aocoonl -of their being so dangenms, 
were oonstmeted, I suppose, on a diffweot principle. 

Mn. B. They were €Ued simply with atmosphencal air, ooosider* 

494. With what am air baUoons filled .' 

495. What is the appanitae«ir£lliag«lanre balloon «rithhydi% 

gen gas ? v 

496. With what were fin brilooM fiUedi ' 

497. Why were they abandoMd? 
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Mj rarefied by heat ; and the necessity ofbaTiofi^ a fire underneath 
the balloon, in order to preserve the rarefaction o^ the air witbm it, 
was the circumstance productive of so mudh dang^. 

. If you are not ^et tired of experiments, 1 have another to show* 
jtm. It consists m fiUing soap-bubbles with a mixture of hydrogen 
and oxygen gases, in the proportions that form water ; and after- 
wards setting fire to them. 

Emily, They will detonate, I suppose. 

Mrs, B, Tes, they Will. As you have seen the method of trans- 
ferring the gas from the receiver into the bladder, it is not necessa- 
ry to repeat it. I have therefore provided a bladder which contains 
a due proportion of oxygen and hydrogen gases, and we have only 
to blow bubbles with it. 

Caroline. Here is a fine large bubble rising—shall I set' fire to it 
with a candle? 

JUrs. B. I f'you please — 

Caroline, Heavens, what an explosion 1°^ It was like the report 
of a gun : I confess it frightened, me much. I never should have 
imagined it could be so loud. 

Emily. And the flash was as vivid as lighting. 

Jlfr«. Bi, The combination of the two gases take place during 
that instant of time that you see the flash, and bear the detonation. 

EmiUy. This t)as a strong resemblance to thunder and lightning.f 

Mrt. B. Tbe^e! phenomena, however, are generally of an electri- 
cal nature. Yet* ^,arious meteoroligical eflecis may be attributed 
to accidental detQpatiops of hydrogen gas in (he atmosphere ; for 
nature abouDds with hydrogen ; it constitutes a very considerable 
portion of the whole mass of water belongfing to our glo^e, aed from 
that source almost every body obtains it. It enters into the com- 
position of all animal sumtances, and of a great nilmber of minerals ; 
out it isrunost ^bundant in vegetables. \ From this immense variety 
of bodieV it is often spontaneously discharged ; its great levity 
makes it rise into the superior regions of the atmosphere ; and 
when, either by an electrical spark, or any casual elevation of tem- 
perature, it takes fire, it may produce such meteors or luminous 
appearances as are occasionally seen in the atmosphere. Of this 
kmd are probably those broad flashes which we often see on a 
summer evening, without hearing any detonation. 

Emily. Every flash, I suppose, must produce a quantity of water? 

Caroline. And this water, naturally, descends in the form of rain. 

Mrs. B. That probably is often the case, though it is not a oeces- 

* In making this experiment, always be careful to turn the stop- 
cock, or detach the bubble completely from the pipe before it is set 
fire to ; otherwise a sad accident may happen from the gas taking 
fire in the bladder.— C. 

4 The report is owing to the air, rushing in to fill the vacuum, 
caused by the condensation of the two gases, and the heat extrica- 
ted at the same instant.^^. 



4()8. How can bubbles be made of soap and water so as to ex- 
plode with a loud report, on setting fire to them ? 

499. To what i» it said in the note that the report is owing ? 

500, In what substances is hydrogen most abundant P 
691. How may heat lightning.be accounted for ? 
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sary coosequence ; for the water may be dissolved by the atmos-^ 
phere, as it desceods towards the lower regions, and remain there 
m the form of clouds. 

The application of electrical attraction tochemicail phenomenais 
likely to lead to many very interesting* discoveries in meteorology ; 
for electricity evidently acts a most important part in the atmoa- 

})here. This subject, however, is, as yet, not sufficiently developed 
or me toventure enlarging upon it. The phenomena of the atmos- 
phere are far from being well understood : and even with the little 
that is known, I am but imperfectly acquainted. 

But before we take leave of hydrogen, I must not omit to men- 
tion to you a most interesting^ discovery of Sir H. Davy, which is 
connected with this subject. 

Caroline. You allude. I suppose, to the new miner's lamp, which 
has of late been so much talked of. I have long been desirous of 
knowing what that discovery was, and what purpose it was intend- 
ed to answer. 

Jtfrf. B. It often happens in coal-mines, that quantities of the gas 
called by chemists hydro carbonate or by the miners^re damp, (the 
same from which the gas lights are obtained,] ooze out from the fis- 
sures in the beds of coal, and fill the cavities in which the men are 
at work ; and this gas being inflammable, the consequence is, that 
when the men approach those places, with a lighted candle, the gas 
takes fire, and explosions happen, which destroy the men and horses 
employed in that part of the colliery, sometimes in great numbers. 

Emily* What tremendous accidents these must be ! But whence 
does that g^ originate ? 

Jlfrf. B. Being the chief product of the combustion of coal, no 
- wonder that inflammable gas should occasionally appear in sitaa- 
itions in which this mineral abounds, since there can be no doubt 
that processes of combustion are frequently taking place at a great 
depth under the surface of the earth ; and, therefore, these accumu- 
lations of gas may arise either from combustions actually going on, 
or from former combustions, the g^s having perhaps been confined 
there from ages. 

Caroline, And how does Sir H. Davy*8 lamp prevent those 
dreadful explosions ? 

Mrs. B. By a contrivance equally simple and ingenious ; and 
one which does no less credit to the philosophical views from which 
it was deduced, than to the philanthropic motives from which the 
inquiry sprung. The principle of the lamp is shortly this : It was 
ascertained two or three years ago, both by Mr. Tenant, and by Sir 
Humphrey himself, that the combustion of inflammable gas could 
not be propagated throu^-h small tubes; so that if a jet of an inflam- 
mable gaseous mixture, issuing from a bladder, or any other vessel, 
through a small tube, be set fire (o, it burns at the orifice of the 
tube, but the flame never penetrates into the vei^sel. It is upon this 
fact that Sir Humphrey's safety lamp is founded. 

Emily, But why does not the flame never penetrate through the 



509. Is it supposed that the subject of meteorology is well under- 
stood ? 

603. What disastrous effects often happen in coal-mines ? 

604. Whence does the hydrogen gas in mines originate ? 

605. Upon what discovery of Mr. Tenant and Sir H. Davy was 
the miner's safety lamp founded f 
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tube into the ressel from which the gas issues.so as to explode at 
once the whole of the gas ? 

Mrt, B, Becaase, do doubt, the inflamed gas is so much cooled 
io its passage through a small tube as to cease to burn before the 
combustion reaches the reservoir. 

Carolina, And how can this principle be applied to the construC" 
tioD of a lamp? 

Jlfr#. B* Nothing easier. Tou need ooly suppose a lamp enclo- 
sed all round in glass or bom, but having a number of small open 
tal>e8 at the bottom, and others at the top, to let the air in and out. 
Now« if such a lamp or lanthorn be carried into an atmosphere ca- 
pable of exploding, an explosion or combustion of the gas will take 
place within the lamp ; and although the vent afforded bj the tubes 
will save the lamp from bursting, yet from the principle just ex- 
plained, the combustion will not be propagated to the external air 
through the tubes, so that no farther consequence will ensue. 

Emily. And is that all the mystery oC that valuable lamp ? 

Mrs, B, No ; in the early part of the inquiry, a lamp of this kind 
was actually proposed ; but it was but a rude sketch compared to ^ 
its present state of improvement. Sir H. Davy, after a succession < 
of trials, by which he brought his lamp nearer and nearer to pi^r- 
fection, at last conceived the happy idea that if the lamp yr^re sur- 
rounded with a wire-wick or wire-gauze, of a close texture, instead 
of glass or horn, the tubular contrivance k have just described 
would be entirely superseded, since each of the insterstices of the 
^uze would act as a tube in preventing the propagation of explo- 
sions : so that this pervious metallic covering would answer the va- 
rious purposes of transparency, of permeability to air and of pro- 
tection against explosion. This idea, Sir Humphrey immediately 
submitted to the test of experiment, and the result has answered 
his most sanguine expectations, both in his laboratory and in the 
colleries where it has already been extensively tried. And he has 
now the happiness of thinking that his invention will probably be 
the means of saving every year a number of lives, which would 
have been lost in digging out of the bowels of the earth one of the 
roost valuable necessaries of life. Here is one of these lamps, every 
part of which you will at once comprehend. (Fig. 24.) 

Caroline. How very simple and ingenious ! But I do not yet well 
see why an explosion takiner place within the lamp, should mat 
communicate to the external air around it, through the interstices 
of the wire? 

i^frf, B, This has been and is still a subject of wonder, even Uk 
philosopbers ; and the only mode they have of explaining it is, that 
'flame or ignition cannot pass through a fine wire- work, because 
the metallic wire cools the flame sufficiently to extinguish it io 
passing through the gauze. This property of the wire-g^uze is 
quite similar to that of the tubes which I rnentioned on introducing 
ue. subject ; for you may consider each intersttce of the gauze as 
an extremely shdrt tube of a very small diameter. 



506. Why does not Bame penetrate through a tube tbat'conveyt 
liydrogen gas so as to produce an explosion ? 

507. HiMM*o«rld you describe the miner's lamp ? 

saH."Whit is the use of the miner's lamp? ^ • 

S09. Which figure represents the miner's lamp ? 

1 1* 
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£mt(y. Bat I shontd eipeet the 
wire would ofteo become r ' ' 
the buroiog of Ibegas irilbii 

Mn. B. And [fais i« ac 
ctue ; for the top of (he lar 
apt to become red hot. B 
ate I J, lucb iDSammable, ^ 
turea as are fouud !□ the mil 
.be exploded bj the red hot 
^interventiOQ of actual Qamt 
{ qaired for ibat purpose ; i 
nire does Dot get fire to the 
fM around it. 

Emilu. IcaDODilergtaiid 
if the wire be red hot, haw < 
the fiftme withiti, and preve 
tta% through the gauze ? 

Xbr: B. Tlie gauze, thou| 
ia net BO hot as the flame b 
has been healed ; and a 
wire ii a good conductor 
(toes not much accumulate 
pawca off quichly to the otb 
the lanip, a« well aa (o auv c 
bodiea. ' 

Caroiine. Tbit 19 indeed 
lerealing discovery, and 
«bowa nt once the immec 
with which Bciencemar he 
iy applied to eome of the m 
tan I purpoMt. 
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510. What is necessary to pruduc 
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Mri, B. Ym, it ie ; and you therefore^ already know, that sulphur 
\% a very combustible substance. It is seldom discovered in nature 
io a pure unmixed state : so g^reat is its affinity for otber substances 
that It is almost constantly found combined with some of them. It 
is most commonly united with metals, under various forms, and is 
separated from them by a very simple process, it exists, likewise, 
in many mineral waters, and some vegetables yield it in various pro- 
portions, especially those of the cruciform tribe. It is also found 
in animal matter ; in short, it may be discovered, in g^reater or less 
quantity in the mineral, veretable, and animal kingdoms. -<' 

Emily. I have heard offiiwers of sulphur^wee Uiey the produce 
of any plant ? 

Mrs. 0. By no means ; they consist of nothing more than com- 
mon sulphur reduced in a very fine powder by a process called 
tvhlimation, — ^Tou see some of it in this phial ; it is exactly the 
same substance as the lump of sulphur, only its color is a paler yel- 
low, owing to its state of very minute division. 

Emily, l^nty what is sublimation ? 

Mrs. B* It is the evaporation, or more properly speaking, the 
volatilization of solid substances, which, in cooling condense ag^in 
into a concrete form. The process, in this instance^ must be per- 
formed in a closed vesset.both to prevent combustion, which would 
take place if the access of air were not carefully precluded, and 
likewise, in order tocotlect the substance after the operation. As it 
is rather a slow process we shall not try the experiment now ; but 
you will understand it perfectly if I show you the apparatus used for 
thepurpose. (fig.35.) Somelumpsof sulphur are pot into a receiver 
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Sk<b1i nation of Sulp^iur. 
A« AleinM«, U, Sand-bath. 
C. FuroKCi. 



of this kind, which is called a cwiurhiL 
Its shape you see somewhat resemblei 
that of a pear, and is open at the top, so 
as to adapt itself exactly to a kind of con- 
ical receiver of this sort, called the head. 
Thecucurbit,thus covered with its head 
is placed over a sand- bath ; this is nothing 
more than a vessel full of sand, which is 
kept heated by a furnace,such as you see 
hpre, so as to preserve the apparatus in a 
moderate and uniform temperature. The 
sulphur then soon begins to mclt^and im- 
mediately after this a thick white smoke 
rises, which is gradually deposited within 
the head, or upper part of the apparatus, 
where it condenses against the sides, 
somewhat in the form of vegetation, 
whence it has obtained the name of flow- 
ers of sulphur. This apparatus, wl.ich 
is called an aUmhir, is highly useful in 
ail kinds of distiliations, as you will see 



♦ The sulphur of commerce is chiefly obtained in the vicinity of 



512. In wh^t may it be found ? 

513. How do the' flowers of sulphur differ from sulphur in a sond 

514. What is sublimation? [stale? 

515. What does figure 2'5 represent ? 

516. From what is tii«j|iame " Flowers of sulphur'' derived ? 
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when we come to treat of those operations. Alembics are Ifedit 
coromonly made of ^lass, like this which is applicable ooly to dis- 
tillation upon a very small scale. Those used in manufactures are 
generally made of copper, and are of course considerable larjf^er. 
The g^eneral construction, however, is always the same, although 
their shape admits of some variation. 

Caroline. What is the use of that necic, or tube, which bends 
down from the upper piece of the apparatus ? 

JUrs, B. It is of no use in sublimations ; but in distillations (the 
gfeneral object of which is to evaporate, bv heat, in closed vessels 
the volatile parts of a compound body, and to condense them ag^aid 
into a liquid,) it serves to carry off the condensed fluid, which oth- 
erwise would fall back into the cucurbit. But this is rather foreig^n 
to our present subject. Let us return to the sulphur. You now 
perfectly understand I suppose, what ia meant by sublimation ? 

Emily, I believe I do. Sublimation appears to consist in de- 
stroying by means of heat, the attraction of aggregation of the par- 
ticles of a solid body, which are thus volatilized ; and as soon as 
they lose the caloric which produced that effect, they are deposited 
in the form of a fine powder. 

Caroline, It seems to me to be somewhat similar to the transfor- 
mation of water into vapor, which returns to its liquid state when 
deprived of caloric. 

Emily. There is this difference, however, that the sulphur does 
not return to its former state, since instead of lumps, it changes to 
a fine powder. 

Mrs, B, Chemically speaking, it is exactly the same sumbstance, 
whether in the form of lump or powder. For if this powder be 
melted again by heat, it will, in cooling, be restored to the same 
solid state in which it was before its sublimation. 

Caroline. But if there be no real change produced by the subli- 
mation of the sulphur, what is the use of that operation ? 

Mrs. B. It divides the sulphur into very minute parts, and thus 
disposes it (o enter more readily into combination with other bodies. 
It is used also as a means of purification. 

Caroline. Sublimation appears to me, like fhe beginning of com- 
bustion, fur the completion of which one circumstance only is want- 
ing, the absorption of oxygen. 

Mrs. B. But that circumstance is every thing. No essential al- 
teration is produced in sulphux by sublimation ; whilst in combus- 
tion it combines with the oxygen, and forms a new compound totally 
different in every respect from sulphur in its pure state, ^e shall 
now burn some sulphur, and you will see how very different the ren 

volcanoes, or in volcanic countries, where it is brought up from the 
bowels of the earth by sublimation. An inferior kind is obtained 
by the distillation of pyrites. — G. 



5 1 7. What effect is produced if the flowers of sulphur are melted ? 

518. If no real change is produced by the sublimation of sulphury 
what is the use of that operation ? 

519. What is the difference between the sublimation and combos* 
tion of sulphur? 

520. If sulphur is burnt what will be the result ? 
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suit will be ' For this porpose I pat a small quantity of flowers of 
sulphur into this cup, and place it in a dish, into which I have poured 
a little water; I now set Are to the sulphur with the point of this 
hot wire ; for its combustion will not begin unless its temperature 
be considerably raised. You see that it burns with a faint bluish 
flame ; and as I invert over it this receiver, white fumes arise from 
the sulphur, and 611 the vessel. Tou will soon perceive that the 
water is rising* within the receiver, a little above its level in the 
plate. Well, Emily, can you account for this ? 

. Eptily. I suppose that the sulphur has absorbed the oxygen from 
the titmosphericaf air withm the receiver, and that we shall find 
some oxygenated sulphur in the cup. As for the white smoke, I 
am quite at a loss to guess what' it may be. 

Mrs, B. Tour first conjecture is very right ; but you are mis- 
taken in the last ; for nothing will be left in the cup. The white 
vapor is the oxygenated sulphur, which assumes the form of an 
elsistic fluid of a pungent and offensive smell, and is a powerful acid. 
Here you see a chemical combination of oxygen and sulphur, pro- 
ducing a true gas, which would continue such under the pressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and all 
its acid properties. You see now with what curious effects the 
combustion of sulphur is attended. 

Caroline, This is something quite new ; and I confess that I do 
not perfectly understand why the sulphur turns acid. 

Jlfrtf. B. It is because it nnit«»s with Ihe oxygen, which is the 
acidifying principle. And indeed, the word oxyt^en is. derived from 
two Greek words signifying to produce nn nHd. 

CaroHne. Why, then, is not water which contains such a quan- 
tity of oxygen, acid ? 

•Mrs. B. Because hvdrogen, whfch is the otl\er' constituent of 
water, is not susceptible of acidification. I believe it will be ne- 
cessary before we proceed further, to say a few words on the gen- 
eral nature of acids, though it is rather a deviation from our plan of 
examining the simple bodies separately, before we consider them 
in a state of combustion. 

, Aci-is may be considered as a peculiar class of burnt* bodies, 
which during their combustion or combination with oxvgen, have 
acquired very characteristic properties. They are chiefly discern- 
ible by their sour taste, and hv turning red most of the blue veget- 
able colors. These two properties are common to the whole class 
•f acids; but each of them is distinguished bv other peculiar qual- 
ities. ' Every acid consists of some particular substance, (which 

* This miffht mislead the stu'lent. The acids are not all of them 
formed bv burniner. All tlie vesretahle acids, as the citric, malic, 
ice exist ready formed ; some of them are contained in fruits, as 
m lemons, apples, &c. — C. 



521. What is the acidifving principle.' 

522. What does the term ox^gpn signify f 

593. If oxvgen is the anidifving principle, wliy does not water 
become acid, since it contains so much of that g^ .' 
524. Of what do acids consist ? 
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constitutes its basis, and is different in each,) and of oxygen, whiob 
is common to (hem all. 

Emily. Bnt I do not dearly see the diffisrence between acids and 
oxyds. 

iirt, B. Acids were in fact oxyds, which,, by the addition of a 
certain quantity of oxygen, hare been converted into acids. For 
acidification, you must observe always implies previous oxydation, 
as a body must have combined with the quantity of oxygen requis- 
ite to constitute it an ox\d, before it can combme with the greater 
quantity which is necessary to render it an acid. 

Caroline. Are all oxyds capable of beinp^ converted into acids ? 

Mn. B. Very for from it ; it is only certam substances which will 
enter into that peculiar kind of union with oxygen that produces 
acids, and the number of these is proportionally very small ; but all 
burnt bodies may be considered as belonging either to the class of 
oxyds, or that or acids. At a future period, we shall enter more 
at large into this subject. At present I have but one circomftance 
further fo point out to your observation respecting acid&; -it is, that 
most of them are susceptible of two degfrees of acidification, ac» 
cording to the different quantities of oxygen with which their basia 
combines. 

Emily. And how are these two degrees of acidification distin" 
guished ? 

Jtfrr. B. By the peculiar properties which result from them.-"" 
The acid we have just made is the first or weakest degree of acidi- , 
fication, and is called tulphureout acid— if it were folly saturated 
with pxygen it would be called sutpkuric acid. You must therefore ^ 
remember, that in this, as in all acids, the first degree'of acidifica-' 
tion is expressed by the termination in ous~ the stronger by the 
termination in ic. 

Caroline, And how is the sulphuric acid made ? 

Jtfff. B. By burning sulphur over water, in pure oxygen g^as, 
and thus rendering its combustion much more complete. I have 
provided some oxygen gas for this purpose ; it is in that bottle, but 
we most first decant the gas into the glass receiver which stands on 
the shelf in the bath, and is full of water. 

Caroline, Pray, let me try to do it, Mrs. B. ^ 

Jdn. B, It requires some little dexterity— hold the bottom com- 
pletely under water, and do not turn the mouth upwards, till it is 
immediately under the aperture in the shelf through which the gas 
is to pass into the receiver, and then turn it up gradually. Very 
well ; you have only to let a few bubbles escape, and that must be 
expected at a first trial. Now I shall put this piece of sulphur in- 
to the receiver,through the opening at the top, and introduce along 
with it a small piece of lighted tinder to set fire to it. This requires 
to be done very quickly, lest the atmospherical air should obtain en- 
trance and mix with the pure oxygen g^s. | 

Emily. How beautifully it burns ! ^vitO I 

Caroline, But it is already buried in the thick vapour. This, I I 
suppose, is sulphuric acid ? 



BIS. What is the difference between oxyds and acids f 
696. Are all oxyds capable of becoming acids ? 
527. What is the difference between sulphureous acids and snl- 
phuric acids ? 528. How is sulphuric acid obtained ? 
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-Emify, Ate these acidi always in a gaseous state ? 
Mn. B, Solphareous acid, as we have already obsenred, is a per- 
BDaneot gas, and can be obtained in a liquid form onijr by condensing 
it in water. In its pure state, the sulphureous acid is ioFisible, and 
it now appears in the form of a white smoke, from its combining 
with the moisture. But the Tapour of the sulphuric acid, which tou / 
JoLTe just seen te rise during the combustion, is not gas, but only a 
▼apour, which condenses into liquid sulphuric acid, by losing its ca- 
loric. It appears, however* from Sir U* Davy's experiments, that 
this formation and condensation of sulphuric acid requires the pres- 
ence of water, lor which purpose, the vapour is received into cold 
water, which may afterwards be separated from the acid by the 
evaporation. 

Sulphur has hitherto been considered as a simple substance ; but - 
Sir H. DKwy has suspected that it contains a small portion of hy- , 
drogen, and perhaps also of oxygen. 

Ob sabmittiog solphiir lo the action of a Voltaic battery, he ob- 
servedt tfatt thenegattve wiregaye out hydrogen ; and the existence 
nf hydrogen in sulphur was rendered still more probable by bis ob- 
serving that a small quantity of water was produced during the 
oombostion of snlphur. 
£111%. And pray of what nature is sulphur when perfectly pare ? 
Jlfi«. B. Sulphur has probably never been obtained perfectly free 
from combinatioD, so that its radical may possibly posse ss proper- 
ties very diffurent from those of common snlphur. It has been sus- 
pected to be ef a metallic nature ; but this is mere conjecture. 

Before we^quit the subject of sulphur, I must tell you that it is 
susceptible of comfaiining with a great variety of sulratances, and 
especially with hyrogen, ' with which you are ahready acquainted. 
Hydrogen gas can dissolve a small portion of it 
EmOg. What! can a gas ditai^re a solid substance? 
Mn. B. Tes^ aaolid sutistanoe may be so minntely divided by 
heat, as to become soluble in gas ; and of this there are several ia* 
stances. But yon meat observe, that, in the present ease, a cbei^i- 
od union or combination of the sulphur witn the hydrogen gaaia 
produced. In ov4er to effect this, the sulphnr must be straegly^ 
neated in contact with the gas; and the beat rednees the snlpher ge 
faeh a state of extreme division, and diffuses it se thoroughly with 
the gas, that they 4Qembine and incorporate together. And as a proof 
that there must he.aichemical nnion between the snlphur and the 
gne,it is snAment te eemark that they are not separated when the 
anlphar loses the calorie hf which it was vc^tilised. Besides^ it is 
evident, Icem the pecali«rAtid smell of thu gas, that it is a new 
oompooiid totally different #om either of iU constitnenU ; it is call- 
ftd fii^pJhfr«CM Xydrven getf^ and is contained in f^eat a^^ 
in aalphnreons romerw eraters. 
CmMne. Are not the Sarrogate waters of this natnie ? 



M9. Aresnlphureottsand sulphuric acids alwaysinagaseons state? 

830. What was Sir i(. Davy's opinion concerning sulphur ? 

SSI. Wfiat is sulphur in its pure state ? 

an. Can a gas dissolve a solid substance ? 

S8S. How can it be done i 

6)4. How is it known that the union between hydrogen gas and 

irinlMHr is e chemical union/ 

v^ irint is the pfedoctof this union called? 
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Mrt. B, Tes ; Ibey ore naturally impregnated with sulpburetted 
hydrogen gas, and there are many other spriDgs of the same kind, 
which show that this gas must oftea be formed in the bowels of the 
earth by spontaneous processes of nature. 

Caroline* And could not such waters be made artificially by im- 
pregnating common water with this gas ? 

J^rf . B. Yes ; they can be so well imitated, as perfectly to re- 
semble the Harrogate waters. 

Sulphur combines likewise with phosphorus, and with the alka- 
lies, and alkaline earths, substances with which you are yet unac- 
quainted. We cannot, therefore, enter into these Icombinations at 
present. In our next lesson we shall treat of phosphorus. 

Emily, May we not begin that subject to-day ; this lesson has 
been so short? 

Mn, B. I have no objection, if you are not tired. What do you 
say, Caroline ? 

Caroline, I am as desirous as Emily of prolonging the lesson to- 
day, especially as we are to enter on a new subject; for I confess 
that sulphur has not appeared to me so interesting as the other sim- 
ple bodies; 

JIfrj. B. Perhaps you may find phosphorus more entertaining. 
Tou must not, howerer, be discouraged when you meet with some ' 
parts of a study less anrusiog than others ; it would answer no good 
purpose to select the most pleasing parts, since if we did not proceed 
with some method, in order to acquire a |^neral idea of the whole, 
we could scarcely expect to take interest in any particular subjects. 

FH08FH0BUS. 

PqospBORUs is considered as a simple body ; though, like sulphur, 
it has been suspected of containing hydrogen It was not known by 
the earlier chemists. It was first discoTered by Brandt, a chemist of 
Hamburg, whilst employed in researches ailer the philosopher's 
stone ; but the method of obtaining it remained a secret till it was a 
second time discovered both by Kunckle aad Bo^le,in the year 1680. 
Tou see a specimen of pliospborus in this phial ; it is generally 
moulded into small sticks of a yellowish color, as you find it here. 

Caroline, I do not understand in wb^t the discovery consisted : 
there may be a secret method of making an artificial composition ; 
but bow can you talk of rndbtn^ a composition which naturally exists ? 

Jlfr«. jB. a body may exist in nature, so closely combined with 
other substances, as to elude the observation of chemists, or render 
it extrerody difficult to obtain it in its aeparate state. This is the 
case with pliespborus, which is so intimately combined with other 
substances, that its existence remamed unnoticed till Brandt dis* 
covered ihe means of obtaining it free from other combinations. It 
is found in all animal substances, and is now chiedy extracted from 



636. What Is there which shows that fbts gas is aometimes form- 
ed spontaneously in the bowels of the earth f 
fiS7. By whom was phosphorus discovered f 
638. wnat is the appearance of it f 
S39. How is phosfmorus obtained ? 



bones, by a cfaeroteal process. It exists ako in some plants, that bear 
a strong' analogy to animal matter in their obemicai -composition. 

Emily. Bot ts it never found in its pure separate state ? 

Mr*. B. Never ; and this is the reason why it remained so Imif^ 
undiscovered. 

Phosphorus is eininenlly combnstible ; it melts and takes fire at ^ 
the temperature of one hundred degrees, and absorbs in its corn- 
bastion, nearly once and a half its own weight of oxygen. 

Caroline, What! will a pound of phosphorus consume a. pound 
and a half of oxygen ? 

Mrs. B. So it appears from, accurate experiments. I can show 
you with what violence it combines with oxygen, by burning some 
of it in that gas. We must manage the experiment in the same man- 
ner as we did the combustion of sulphur. You see I am obliged to 
cut this little bit of phosphorus under water, otherwise there would 
be danger of its taking fire by the heat of my fingers. I now put 
it into the receiver, and kindle it by means of a hot wire. 

Emily, What a blaze ! 1 can hardly look at it. I nevef saw any 
thing so bfilliant. Does it not hurt your eyes, Caroline ? 

Caroline, Tes ; but still I cannot help looking at it. A prodi- 
gious qnantity ofoxygen must, indeed, be absorbed, when so much 
light and caloric are disen|faged ! 

Jfrt, B. In the combustion of a pound of phospboms, a sufflcieBt ' 
quantity of caloric is set free, to melt upwards of a hundred pounds 
of ice ; this has been computed by direct experiments with the ca- 
lorimeter. ' 

Emily, And is the result of this combustion, like that of sulphur, 
an acid r 

Jlfr#. B, Tes ; phosphoric acid. And bad we duly proportioned 
the phosphorus and the oxygen, they would have been completely 
converted into phosphoric acid, weighing together, in this new state, 
exactly the sum of their weights separately. The t^ater wOuld have 
ascended into the receiver, on account of the vacuum formed, arid 
would have filled it etitirely. In this case, as In the combustion of 
tnlpbur, the acid vapor formed is absorbed And condensed in the 
water of tbe receiver* But when ^s cotfibtlstido it performed witli* 
«at any Water or mdistUi^B being present, tbe acid then appears in 
the form df cdnci^te whitish flakes, which are^ however, extremi^lT 
reigy to melt upon tbe least itdmission of moisture. 

SSlniiy, Does phosphorus, ili bomitig in atmospherical air, pro- 
dncfe like sulphur, a weaker sort of tbe same acid ? 

Jffihf. B. No ; but it Bitms in sttmosperieal air, nearly at the sam e 
t w mjiBn it ttre as in pure oxygen gas $ and it is in both cases ae strong • 
It dilpose^ to combine with Aie oxygen, that the eombttstion Is per - 
Iwt and tbe pTbduct similar : only in atmospherical air, being lets 
Ta|ri»y supplied witb otygeii^ the proceM Is pet*fei*mitd ia a slow 



64#. Why was it for along time undiscovered } 

641. At wbat temperature will it melt and take ih*e } 

64t. What proportion of oxygen will pboirpborat doAmMie, cboi* 

INured with its own weight ? 
MS. How much caloric WiH tbe eembiitllte of a poun^ of pbot- 

pMniit set free.' 
644. Whatittberttultof thecottibiittionof pbospborat? 

It 
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Carotme. Bat 19 tliere no method of aoidifyaiff phoBpLorat in a 
slighter manner, so as to form p/iospkorut acid ? 

Mra. B' Yes, there is. W ben simply exposed to the atmosphere, 
phosphorus undergoes a kind of slow combustion at any tempera- 
ture above zero. 

Emily, Is not the process in this case rather an ozydation than a 
combination ? For if the oxvgen is too slowly absorbed for a sen- 
sible quantity of light and Leat to be diseng^ed, it is not a true 
combustion. 

Mrt, B. The case is not as you suppose ; a faint light is emitted, 
which is yery discernible in the dark ; but the heat eTolred is not 
sniBciently strong to be sensible ; a whitish vapour arises Cirom this 
combustion, which, uniting with water, condenses into liquid phos- 
phor us acid. 

Careline. Is it not very singular that phosphorus should bum at 
so low a temperature in atmospherical air, wnilst it does not bum 
in pure oxygen without the application of heat ? 

Mra. B. So it at first appears. But this circumstance seems to 
be owing to the nitrogen gas of the atmosphere. This gas dissolves 
small particles of phosphorus, which being thus minutely divided and 
diffused in the atmospherical air, combines with theoxygen* and un- 
dergoes this slow combustion. But the same effect does not take 
place in oxygen gas, because it is not capable of dissolving phospho- 
rus ; it is therefore necessary, in this case, that heat should be ap- 
plied to effect that division of particles, which, in the former instance, 
IS produced by I he nitrogen. 

EmUy, 1 have seen letters written with phosphorus, which are 
invisible by day-light, but may be read in the dark by their own 
light. They look as if they were written with fire ; yet they do 
not seem to bum. 

Mrt*B, But thejr do i«ally bum ; for it is by theik* slow combus- 
tion that the light is emitted ; and phosphoras acid is the result of 
this combustion. 

Phosphoras is sometimes used as a test to estimate the purity of 
atmospnerical air. For this purpose, it is burnt in a graduated tube, 
called an EuUometer ifiz* 26.] and the proportion of oxy- p|^ m 
in the air examined is deduced from the quantity of airc^bl^ 



gen m tne air examined is deduced from the quantity 
which the phosphorus absorbs ; for the phospooras will ab- 
sorb all the oxyeen, and the nitrogen alone will remain. 

Emilv, And the more oxygen is contained in the atmos- 
phere, the purer, I suppose, it is esteemed f 

JIfrt.B. Certainly. Phosphoras, when mdted combines^ 
with a g^reat variety of substances. With sulphur it forms 
a oomponnd so extremely oombastible that it immediately 
takes nre on comiac in contact with the air. It is with this 
eomoosition that phosphoric matches are prepared which 
kindle as soon as they are taken oat of their case and are 
ex p osed to the air. 



545. Whj will phosphoras bum at so tow a temperatare in •!« 
momberical air, when it does not bum in pure oxygen withont the 
appucation of heat ? 

546. For what is phosphorus sometimes ased ? 




547. What instrament is used fiw this purpose, and bow is tk4 
fmritr of the air ascertained by it ? 
* 548. How are pbosphoric matches made ? 
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Umify. I ba^e a box of tbese curious matcbes; but I faa7e ob- 
seryed that, in very cold vreatber, (bey will not take fire vrithout 
bein^ previously rubbed. 

JUrt. B. By rubbing tbem youTraise their temperature ; for you 
know, friction is one of the means of extricating^ heat. 

EmUy- Will phosphorus, like sulphur, combine with hydrogen gasf 

JIfrj. B. Yes ; and the compound jpfas which results from this / 
combination has a smell still more fetid than the sulphuretted by- / 
drogen ; it resembles that of garlic. c 

The photphoretted hydrogen gas has this remarkable peculiarity, ' 
that it takes fire spontaneously in the dtmosphere at any tempera- 
ture. It is thus, probably, that are produced those transient flames 
or flashes of light, called by the vulgar WiU-of-tke-Wisp^ or, more 
properly, Igjus-fatuiy which are often seen in church.yards, and 
places where the putrefactions of animal matter exhale phosphorus 
and hydrogen gas. 

Carolme* Country people, who are so much frightened by those 
appearances, would be soon reconciled to tbem if they knew from 
yimX a simple cause they proceed. 

Mrs, B. There are other combinations of phosphorus that have 
also very sin&rular properties, particularly that which results from 
its union with lime. 

Emily, k there any name to distinguish the combination of two 
substanoes, h*ke phosphorus and lime, neither of which are oxygen^ 
and which cannot therefore produce either an oxyd or an acid ? 

Mrs. B, The names of such combinations are composed from 
those of their ingredients, merely by a slight change in their termi- / 
nation. Thus, the combination of sulphur with lime is called a std- ' 
phuret, and that of phosphorus, a phosphuret of Unie,* This latter 

* Phosphuret of lime is a rery curious substance. To make it, 
take a thm glass tube, 6 or 8 inches long, and less than half an inch 
in diameter ; if it is closed at one end, so much the better, but a cork 
will do. Near the 'Closed end put a piece of phosphorus half an inch 
long. Then pot in by means of a stick or wire, holdirrg the tube 
horizontally, thirty or forty pieces of newly burned quick lime, . 
about the size of split peas, letting the lowest remain two or three 
inches firom the phosphorus. Then stop the other end of the tube 
loosely, and place the part, containing the quick-lime, in a bed of 
cbarcoatso contriving it thata candle or red hot iron can be brought 
itnder the part where the ptiosphoros lies. Kindle a fire by means 
of bellows, and heat the lime red hot, without melting the phospho- 
mt, which may be kept cool by a wet rag ; when this is done, bring 
Ae hot iron or candle under the phosphorus, so as to make it pass 
tiiroogh the quick-lime in the form of vapour. Cork up the phos-* 
pbnret of lime for u«e.~C. 



549. Will phosphorus combine with hydrogen ? 

550. What remarkable peculiarity has phosphoretted hydrogen 
gas? 

551. How is it supposed that the igncs-fatui are produced f 

552. What is the combinatioa of phosphorus with Ume, called ? 
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/compound, I was goings to say, has the singular property of deeom- 
.'posing water, merely by being thrown into it. It effects this by ab* 
jsorbing the oxygen of water, in consequence of which, bubbles oi 
'hydrogen gas ascend, holding in solution a small quantity of phos- 
|)borus. 

Emily. These bubbles then ^re photphoretted hydrogen gm ? 

J^rt* B. Yes; and they produce the singular appearance of a 
(flash of fire issuing from water, as the bubbles kindle and detonate 
job the surface of the water, at the instant that they come in contact 
^with the atmosphere. 

Caifoline. Is not this effect nearly similar to that produced by the 
oombinationof phosphorus and sulphur, or, more properly speak- 
ing, the photpkuret qf nUph/ur ? 

jitra. B. Yes ; but the phenomenon appears more extraordinary 
, ta this case, from the presence of water, and from the gaseous form 
of the combustible compound. Besides, the experiment surprises 
by its great simplicity* You only throw a piece of phosphuret of 
lime into a glass of water, and bubbles of ure will immediately i»* 
sue from it. 

Caroline. Cannot we try the experiment i 

J^rs, B. Very easily ; but we must do it in the open air : Ibr 
the smell of the phospboretted hydrogen gas is so extremely fetid, 
that it would be intolerable in the house. But before we leave the 
room, we may produce by another prooess, some bobbles of the 
same gas, which are much less offensive. 

There is in this little glass )etort a solution of potash and water ; i 
add to it a small piece of phosphorusi. Wo must now heat the re- 
tort over the lamp after having engaged its neck under wateiv-yen 
see it begins to boil ; in a few minutes bubbles will appear, which 
take fire and detonate as they issue from the water. 

Caroline. There is oDe*-and another. How curious it is ! — Bat 
I do not understand how this is produced. 

Mrs. Br It is tlie consequence of a display of affinities too cona- 
plicated* I fear, to be made perfectly intelligible to you at present. - 

In a few words, the reciprocal action of the potash, pbospborns, 
caloric, and water are such, that some of the water is decomposed, 
and the hydrogen gas thereby formed carries off some minute par- 
ticles of phosphorus, with which it forms phosphoretted hydrogen 
gas, a compound which spontaneously takes fire at almost any tem- 
perature. 

lifitily. What is that circular ring of soaoke which slowl}' rises 
from each bubble aft^ its detonation ? 

J\fr». B. It consists of water and phosphoric acid in vapor, wkiofa 
are produced by tlua combustion of hydrogen and phospeorus. 



553. What singular peculiarity has the phosphoret of lime f'^ . 

554. What will be the consequence if a piece of phosphoret of 
lime is thrown into the water ? 

555 Why is it necessary that this experiment be made in the 
open air f 

556. What will be the consequence if phosphorus be added to a 
solution of potash in water, and the whole heated over a fire ? 
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ON CAHBOir. 



CaroHne* To-day, Mrs Bm I beliflre w# are to i«an» th« Mlure / 
mmI yffoporties of cahbon. This kubatanoo it qwte oeir to om ; I ^ 
aoFer heard it meatiooed before. 

Mn* B» Not so aew ai toii imai^ne ; for carboa i« notbiafr moK 
tban cba w coal m a utate of imritjr, tbllt it to say » imamed m^ a^/ 
BMNsign iof r/BdienlB. 

Citro6'fi«* But obarcoal is naade by art, Mrs. B., and bov oau a 
bady ooAsisting of one siiople substance be fabricated i 
'. Jmrs. B* Vea again cenfeuad the idea of making a simple body 
with that of separating it from a ceoifKmnd. The chemicsA prooet* 
ses by which a simple body is obtained in a state ol puritju consist 
in unmMn^ thecompoimd in which it is contained, in order to sep- 
ante from it the simple substance in question^ The method iy 
which charcoal is usually obtained, is, indeed, commonly called 
ybiUftk ; but vpon exaraiottion, you will find this process to con- 
sist simply in separating it from other substances witli whieb ii M 
iDoad eerohiiied in natures 

Carbon forms a considerable part of the solid matter of all eiga»- 
iMd bodies ; but it is most abundant in the ve^table creation* end 
k ia chiefly obtained from wood. When the oil end water (iNiitfa 
are other constituents of yegetable matter) are eraperated» the 
.Unek, porous, brittle snbstancetbat remains, ibcbarooaL 
I Oanolifie. Eat if heat be applied to the wood in order to erapoiale 
.the oil and water, will not the temperature of charcoal be raised so 
an to make it bum ? and if it cemoiaes with oxygen, ean wo any 
longer call it pure ? 

Mt9, B, I was going to add, ftbat, in this operation, the air must 



Cersltiis. How then can the vapor of oil and water fly off ? 

Mr», B. In order ta produce charcoal in its purest state, (wbieb 
iii even then, but a less imperfect sort of carbon,) the operatiop 
abenld be performed in an earthen retort.— Heat being applied to 
the body of the retort, the evaporable part of the weed will escape 
4kvevcli its neck, into which no air can penetrate, as long as the 
Imanil trapour continues to fill it. And if it be wished to collect these 
volatile products of the wood, this can easily be done by iotroduicing 
the neck of the retort into the water bath apparatus, with which vou 
wu acquainted. But the preparation of common charcoil, suen as 
is used in kitchens and manufactures, is performed on a much larger 
eeale, and 1^ an easier and leu expensire prooess, 
. Emdfy, I have seen the process of making cbareoal. The wood 
is ranged on the ground in a pile of pyramidlcalDyrm, with' a trc 
underneath ; the frbolaj; then covered with clay, a fow holes oolv 
being left for the circulation of air. 



6$7. What Is carbon ? 

958. In what consists the chemical process by which a simple 
body is obtained in a state of purity? 
559* In what is eharcosl fonad in most abundance i 

12* 
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Mr; B. TiMte boles ftredoMd at looii m tiM wood is fiiirij V^" 
9if so ttMt the combostioB is cbooiied, ^or at -least oontioiies bnt ui m 
Torj imperfeot oiaooer ; but the beat prodneed by it is suiicieat to 
Ibroe out aod rolaiiKze, tbroagpb tbe earthy cover, most part of Ibe 
i oily and watery principles of tbe wood, auboo^ it caoiiot reduee 
ttto ashes. 

Mmify. Isperecai^ti tfsl>lack as charcoal f 
V Mr§. S, the pttrest carboo we can prepare is so ; bat eheimats 
4iaTe oever yet been able to separate it eolirely from bydrogea. Sir 
H> Dary 'says, that tbe most perfect earboa lliat is prepared by^art 
eontaias about fyre per coot, of hydrogcia ; lie is of opiaioo that' if 
weoould obtain it quite free from foreign ii^^redients, it wcoid be 
•MMtallic, in c<Hnmon Hrttb =0Clier simple vulmtBhiees. 

Bat there is a form in wtfiich Charcoal eppears, that 1 daresay will 
' iorprise yon. This ring^, wtiich I wear oa my ^ager, owes its briU 
Maacy to a small piece of carbon. 

Cetvltrae. Surelv you are jesting, Mrs. B. 

Emily* I thought your ring was diamond. 

Mr», B. It is soh But diamood is notbidg more- than csarboa ia a 
eiTStairieed state. 
* Emily. That is astonishing .* Is it possible to see two things ap* 
parently more different than diamond ^and charcoal f 

Caroline. It is indeed, cartoas to think that we adorn roaiaelMr 
with jewels of charcoal ! 

Jfiv. S. There are many other «iM»stances, consisting cbely ef 
oarbon, that are temaifbaUy white. ' Cotton, finr instance, is ahnert 
' iwhoHy carbon. 

Csro/tne. That, I own, I cootd^nerer have innagined ! Bat pcay^ 
Mrs. B., since It is known of what sabstande diamoad aad coIIob 
are composed, why should Ibejr not be manafiKtored, or iniitalad^ 
liy some chemical proeess, which would render them moeh cboap-^ 
<ar, and more plentifol than the present mode of obtaining theois^ 

Mn. B. Too miffbt as well, my dear, propose that we shoahl 
make flowers and fruit, na^, perhaps, eren animals by a chamieal 

Socess : for it is known of what these bodies consist, since erery 
ing which we are acquainted with in nsrtare is formed from the va* 
rious simple substances 4hat we hare eaoaierated. Bnt yon mail 
oot suppose that a knowledge of tbe component parts of a body will 
in erery case enable »us to imitate it. It is maeh less dittealt to d^ 
oompose bodies, and discover of what materials they are made, Uaus 
ft is to recompose them. The first of these processes is caHedana^ 

I sif, the last tynttuHt. When we are able to ascertain the nature of 
a substance by both these methods, so timt the result of onetwBliraia 

^*^at of tbe other, we obtain tbe most complete knowledge of 4t that 
we are capable of aequiring. This is the case with water, with the 
atmosphere, with most of the ozyds, acids, and neutral salts, and with 

660. How is charcoal in its purest state produced ? 

.561. What is the common method of producing charcoal? 

662. What ^did Sir H. DtfVy fiippose carbon would be, tiT frep> 
tfirom Cbreirn ingredients ? 

',563. What does charcoal becdfne 6n being crystallised *? 

%€(4« What white substance is'^heire cdnsistiog chiefly tfT carbon^ 

565. What is to be understood by the terms andlyti* and tynih^ 
rig. as used by chemists f 
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•r aators, even le the ninenil kingdoim are m general bejroed o«r 
Teeeh, mod ao^ attempt to imitate organized bodies mutt erer pievm 
ftpoitlem; their fimnatienitateoret wMichrettoin theboMimofthe 
Creator. Ton see, therefore, hoir vain it would be to attempt lo 
make cotton by chemical meant. Bnt, surely, we hare no reaaeo 
to regret our inability in this instance, when nature has so oleariy 
peimed not a method efobtaioiog it in perfection and abnndanoe. 

CmreHne. 1 did not miagine that the principle of lift could be im- 
italed by the aid of chemistry ; but it did not appear tome abswd 
to toppeee that efaemi ste might attain a perfect imitation of inaai* 

nie nature. 

Mr$, B. They faaTe eoeceeded in this point in a variety of insiM* 

m; bot, nsyott |nstly obsenre, the principle of life, or even the 
■linote and intimate mganuKationof the regetable kingdom, are an- 
crsts that have almost entirely eluded the reseambet of pbilee^ 
{diers : nor do I imagine that kuman art will ever be capable of 
investirating them with complete success. 

AnJry. out diainond, since it consists of one simple, unoigani* 
sed substance, might bef-one would Ihink, perfectly imitable by art^ 

JMrt. B. It it tometimet at much beyond <Hir |Mnrer to obtain n 
timple body in a tiate of perfect purity, at it is to pmitate a coinpli* 
unied oombination ; for the operations by which nature separatee 
bodies are frequentlyn» inimitable as those which the uses for their 
cenbiuatioo. This is the case with eai'bon; ailtheeflbrtsforehem* 
Ms to se u arato it entirely firem other snbttancet have been fruitleuh 
and in the purett ttate in whidh it can be obtained by art, it tl3l 
fumint a pertion of hydrogen, and probably of tome ether fere^tt 
kigredientt. We are ignorant of tbe meant which nature emphm 
to oryttalliae it. It may probably be the work of aget, to purii^, 
«fnii^, and unite the partielet of <9inrbon in tbe form of a diamond. 
Here it tome charoonl, in the purett ttnto we can procure it ; yon 
eee thitit^it a very black, brittle, Ucbt, porout tubitance, entirdf 
dettiinte of either tatte or tmell.. Heat, without air, prodocet np 
alteration in it, as it is net volatile ; bnt on the oontpair, it invari* 
aUy remains at the bottom of the vettel, after all Che other parts of 
the vecotnblet are evaporated. 

JOei^. Tet csarbon m, no doubt, combustiUe^ tinee you tay that 
ekarooal would abtorb oxygen, if air were admitted 'during itt pre> 
paratien. 

O iw ef i ne . Un<pMttaonably. Betide8,yon know, fimikr, bow much 
it it uted in cooking. But pray what it tbe reaton that charcoal 
bnmt without tmoke, whiitt a wood fire tmoket Bo<much ? 

Mn. B. Because, in the oonvertion of wood iifto -cbarooaly tiio 
'Volatile particles of the former have b!een evaporated. 

Gerofme. . ¥et I have frequently leen charcoal bom with fiaae ; 
'therefore, it must, in tliat case contaifi some hydrogen. 

JMffv. B. You sbecdd recollect thtftcharcoal, etpmiJHv that wUch 
is itttd for common purpotes, it not perfect^ pure. It generally 
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666. In what cases is obtained tbe most perfect knowledge of the 
hature of compound bodies ? 

567. Have means ever been discovered to crystallize carbon ? 

568. What is the reason that chareoa! bams without smoke ^ 
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,^„, -,^. Moniof ai the Tariotit ttber oc mpM i Mit pMrlaof ««|^- 
««lablM, and bydmf^en partioolvl j^ whiob •ocounU for thft fluie in 

Cartiline. Bat what beeomet of tbo oarboo ttaekf dwiDf its e«Mii- 
bmtiaii ? f '.-^^ 

Mn.B^ It gradually combiDM wUb ibfi oxyfanaf ^eattiMW'^ 

/ pbere, ia tbe aana way as salpbor and pbospbonia, and, like tbo»e 

\ mbataooeSf it is ooDFerted into a peoaliar acidv whicb flies off in a 

) geseeus form. Tbere is tbis diiereacet bow«ver, tbat tbe acid is 

^ set, io tbis instaoqe, as in tbe two oases just meatiofied, a mere 

eondensible vapour, but a perraanent elastie fluid, wbiob always 

remaios in tbe state of gas, under any pressure and at any tempera- 

tare. The nature of thk acid was first aaeerlained by Dr. Black, 

of Edbnberiifb ; and, befinre tbe introduction of the new noaienpla- 

tare, it was called Jixtd etr. It is. now disttoguished by (be mora 

. appropriate aanse of ciir6omeaet</F«tf. 

£ru^ Carbon, then, ean be Fdatitiaed by burning, tboogb by 
heat alone, no such effect is prodaced ? 

J§r$.B. Tes; but then it is no longer simple carbon, but an acid 
of which earboo forma tbe basis, in tbis state, ^sarbon retains no 
mere appearance of solidity or eorpereal form than the basis of any 
other i^s. And you may, I think, from this instance, derive a mora 
clear idea of the basis of the oxygen, hjdrogen, and nitrop^ ga^ei, 
the existence of arbich, as real bodies, yon seemed to wNibt, be* 
•oaose they wera not to be obtained* simply in a solid form. 

Ewuljf. That is true : we ma^f conceive the basis of the oxygen 
and of the ether gases, ^to: be solid, heavy substances, like carbon; 
but so much expanded by caloric as to become invisible. 

Cmif»lin€» But does not tbe carbonic acid gas partidce of the 
Uaokness of obarooal ? 

Mr$, B, Not in tbe least. Blackness, you knoir, does not ap» 
/ pear to be essential to carbon, and it is pure carbon, and not char- 
oeal, that we must consider as the basis of carbonic acid* ^ We 
aball make somecartioaic acid, uod, in order te hasten tbe prooesp, 
we shall bum tbe carbonic in oxygen gas. 

JBmil^ But do yon mean, then, to bum diamoad ? 

Jlfr«. B. Charcoal will answer tbe purpose still better, being 
eefter and mora easy to inflame ) besiiMS the experiments on dia- 
iBond ara rather expensive. 

Varoline, But is it possible to burn diamond ? 

. Jlf^. B, Tes, it is ; and in order te effect -this eombuslioQ, notb* 

mg anore is raqnired than to apply a snfllcient degrea of beat by 

means of the blow-pipe, sind of a stream of oxygen gas. Indeed, it 

ia by burning diameod that its cbemksai natura hiB been ascertained. 
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669. Fram what does the flame ia the burning of cbai^oal pro- 

570. In tbe combustion of charooal what becomes of the carbon ? 

571. What is the gas csUed formed by the combination of carbon 
and oxygen ? 

&7e. Why does not carbonic acid gas partake of the blackness 

of charcoal, if prepared from that material ? 
5T3. How has tbecbemioal nature of diamonds been ascertained ? 
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It M» ioagf been known 98 a combustible sabfttanoe, but it iswitb- ' 
m these few years only that the product of its combustion has been 
proved to be pure carbonic acid. This remarkable discorery is 
doe to Mr. Tennant. 

. ^fHoW let us try to make some carbonic acid. Will you, Emilj, 
decant some oxyg^ep gw from this large jar into the receiTer in 
which we are to burn the carbon ; and I shall introduce this small 
piece of charcoal, with a little lighted tinder, which will be neces- 
sary to give the first impulse to combustion. 

£m%. I cannot conceive how so small a piece of tinder, and that 
but just lighted, can arise the temperature of the carbon sufficiently 
to set fire to it ; for it can produce scarcely any sensible beat, and 
it hardly touches the carbon. 

Mrs, B. The tinder thus kindled has only heat enough to begin 
its own combustion, which, however, soon becomes so rapid in the 
oxygen gas, as to raise the temperature of the charcoal sufficiently 
for this to burn likewise, as yoa see is now the case. 

£m%. I am surprised that the combustion of carbon is not more 
brilliant ; it does not give out near so much light or caloric as 
phosphorus, or E^lpher. Yet since it combines with so much oxy- 
gen, why is not a proportional quantity of light and heat disengaged 
from the decomposition of the oxygen g^, and the union of its 
electricity with that of the charcoal f . 

Jfrt. B, Is it not surprising that less light and heat should be li-' 
berated in this than in almost any other combustion, since the ox- 
ygen, instead of entering into a solid or liquid combination, as it 
does in the phosphoric and sulphuric acids, is employed in forming^ 
another elastic fluid ; it tlter^fore parts with less of its caloric. 

EmUy. True ; and, on second consideration, it appears, on the 
contrary, surprising that the oxygen should, in its combination 
with carbon, retain a sufficient portion of caloric to maintain "both 
substances in a gaseous state. 

Caroline. We may then judge of the degree of solidity in which 
oxygen is combined in a burnt body, by the quantity of caloric li- 
berated during its combustion ? 

J^rs. B. Yes ; proyided that you take into the account the quan- 
tity of oxygen absorbed by the combustibe body, and observe the 
proportions which the caloric bears I0 it. 

Caroline, But why should the water, after the combustion of car- 
bon, rise in the receiver, since the gas within it retains an aeriform 
state .> 

J^rs. B. Because the carbonic acid gas is gradually absorbed by 
the water ; and this effect would be promoted by shaking the re- 
ceiver. 

Emily, The charcoal is now extinguished, though it is not nearly 
oonsnme4; it has such an extraordinary avidity for oxygen, I sup- 
pose, that the receiver did not contain enough to satisfy the whole. 

MrsB, That is certainly the case; for if the combustion were 



574. What is the production of their combustion? 
* 575. Why is so little light and heat disengaged in the combustion 
of carbon ? 

576. Does carbon unite with more than one proportion of oxy* 

gen? 



142 CAXBOK. 

performed in the exact proportions of Vi parts of carbon to 7f of 
oxygen, both these ingredients vronld disappear, and 190 parts of 
carbonic acid woald be produced. 

Caroline. Carbonic acid must be a yery strong acid, since it coo- 
tains so great a proportion of oxygen ? 

Mrs. B. That is a very natural inference ; yet it is erroneous. 
For the carbonic is the weakest of all the acids. The strength of 
an acid seems to depend upon the patore or its basis, and its mode 
of combination, as well as upon the proportion of the acidifying 
principle. The same quantity of oxygen that will convert some bod- 
ies into strong acids, will only be sufficient simply tooxydate others. 

Caroline. Since this acid is so weak, I think chemists should 
have called it the carbonotis^ instead of the carbonic acid. 

Emily. But, I suppose, the carbonous acid is still weaker, and is 
formed by burning carbon in atmospherical air. 

•Mrs. B. It has been lately discovered, that carbon may be cod- 
yerted into a g^s, by uniting with a small proportion of oxygen ; 
but as this ras does not possess any acid properties, it is no more 
than an oxyd ; it is called gasemu oxyd.nf carbtm. 

CaroHne. Pray is not carbonic acid a very wholesome gas to 
breathe, as it contains so much oxygen ? 

Mrs. B. On the contrary, it is extremely pemicions. Oxygen,* 
when in a state of combination with other substances, loses, in al- 
most ever^ instance, its respirable properties, and the salnbriont 
effects which it has on the animal economy when in its nnconfined 
stale. Carbonic acid is not only unfit for respiration, but extreme- 
ly deleterious if taken into the lungs, 

Emily. Tou know, Caroline, how yery unwholesome the fumes 
of burning charcoal are reckoned. 

Caroline. Tes ; but to confess the truth, I did not consider that 
a cha^-ooal fire produced carbonic acid gas. — Can this gas be con- 
densed into a liquid ? 

Mrs. B. No : for, as I told you before, it is a permanent elastic 
fluid. But water can absorb a certain quantity of this gfas, and can 
even be impregnated with it, in a very strong degree, by the assis- 
tance of agitation and pressure, as I am going to show you. I shall 
decant some carbonic acid g^s into this bottle, which I fill first with 
water, in order to exclude the atmospherical air-; the gas is then 
introduced through the water, which you see it displaces, for it will 
not mix with it in any quantity, unless strongly agitated, or allowed 
to stand over it for some time. The bottle is now about half full of 
carbonic acid gas, and the other half is still occupied by the water. 
By corking the bottle, and then violently shaking it, iii this way, I 
can mix the gas and water together. Now will you taste it ? 

Emilst. It has a distinct acid taste. 

CaroHne. Tes, it is sensibly sour, and appears full of little bubbles. 

Mrg, B. It possesses likewise aH the other properties of acid, but 



677. On what does the stren^^th of an acid depend .? 
578. Wny is not carbonic acid good for respiration, since it con- 
tains a large qoantity of oxygen ? 

579* Why are the fumes of burning charcoal reckoned nnwhote- 
aome? 

580. How can water be impregnated with carbonic g»M ? 

581. What is Seltzer found to be, on analysis f 
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of ooone, io a lew de^^jree tbao the pure oarbooic acid gas, as it is 
so iDucb diluted by water. Tbis is a kiod of artificial Seltzer water. 
By analysiog tbat wbich is produced by nature, it was fouud to cpa- 
taio scarcely any tbinr more tban common water impregnated with 
a certain proportion of carbonic acid gas. We are therefore able to 
imitate it by mixing those proportions of water'^and carbonic acid. 
Here, my dear, is an instance in which, by a chemical process, we 
can exactly copy the operations of nature ; for the artificial Seltzer 
waters can be made in every respect similar to those of nature ; in 
one point, indeed, the former have an advantage, since they may 
be prepared stronger or weaker, as occasion reouires. 

Caroline, I thought I had tasted such water before. But what 
renders it so brisk and sparkling ? 

JIfrr. B», Tbis sparkling or effervescence, as it is called, is always 
occasioned by the action of an elastic fluid escaping from a liquid ; 
in the artificial Seltzer water it is produced by the carbonic acid, 
which being lighter than the water in which it was* strongly conden- 
sed, flies off with great rapidity the instant the bottle is uncorked ; 
this makes it necessary to drink it immediately. The bubbling 
tbat took place in this bottle was but trifling, as the water was bat 
very slightly impregnated with carbonic acid. It requires a partic- 
ular apparatus to prepare the gaseous artificial mineral waters. 

Emify. If, then, a bottle of Seltzer water remains for any length 
of time uncorked, I suppose it returns to the state of common water ? 

Mn. B. The whole of the carbonic acid gas, or very nearly so, 
will soon disappear : but there is likewise in Seltzer water a very 
small Guantitj of soda, and a few other saline or earthy ingredi- 
ents, which will remain in the water, though it should be kept un- 
corked for any length of time. 

Caroline, I have often heard of people drinking soda-water. 
Pray what sort of water is that f 

Jurs. B. It is a kind of artificial Seltzer water, holding in sola* 
tioo, besides the gaseous acid, a parti<sular saline substance, called 
soda, which imparts to the water certain medicinal qualities. 

CairoUne. Bat how can these waters be so wholesome, since car* 
bonic acid is so pernicious ? 

Mrs. B, A gas, we may conceive, though v.ery prejodicial to 
braathe, may be beneficial to the stomach. — But it would be of no 
use to attempt explaining this more fully at present. 

Cmr^ine. Are waters never impre^rnated with other gases ? 

Mb^ B, Tes ; there are several kinds of gaseoos waters. I for* 

St to tell you tbat waters have, for some years past, been prepared^ 
praniated both with oxygen and hydrogen gases. These are not 
Mk kutatioo of nataro, bat are altogetber obtaioed by aHificial 
lotm Tbey have been lately used roedwinally,particalaFl7 on tho 
ooptiiient, where. I aoderttand, they have acquired some repotatioo* 
£ml^. If I recoUect right, Mrs. B., yo« told as that caithpo wm 



68t. How b the brisk and sparkling appearmoe in Settler water 
ooeasiooed.^ 

583. What is soda water ? . . .^ 

584. How can these wmten be who to m me , tinoe carbonic acMl 
Is so pemicioas i » a ^ 

585. What other gMeoni waters hare been prepared, and for 

what pnrpesef 
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capable of deicomposing^ water', the affiDity between oxygen and ear- 
boo niust,therefore,be greater than between oxygen and hydrogen ? 

Mn, B. Yes ; but this is not the case, unless their temperature 
be raised to a certain degree. It is only when carbon is red-hot, 
that it is capable of separating the ox5'gen from the hydrogen. 
Thus, if a small quantity of water be thrown on a red-hot fire. It 
will increase rather than extinguish the combustion y for the coals 
of wood, (both of which contain a quantity of carbon,) decompose 
the Water, and thus supply the fire both with oxygen and hydrogen 
g^ases. . If, on the contrary, a large mass of water be thrown orer 
the fire, the diminution of heat thus produced is such, that the com- 
bustible matter loses the power of decomposing the water, and the 
fire is extinguished. 

Ethily. I have heard thsit fire-etigines sometimes do more harm 
than good, and that they actually increase the fire when they cannot 
throw water enough to extinguish it. It must .be owing, no doubt, 
to the decoinposition of tbe water by the carbon during the confla- 
gration. 

Jtfr*. B. Certainly.— The apparatus which you see here (fig. 27,) 

Fig. 27. 

I>«eoiBporiti«B of wsMr hj Carboa. 




A, R«t«rC ooBtaiainff water. B. Lanp to boat tk« water. C* O. Valeriato tiAa aoataiBi%Gi»- 
D. fnraaea Oxnugh wfaMi (ka tebc paaaaa. S. Raeat^ar for Aa gaa |nradaead. F. WalArbatii. 



i^f be used to exemplify what we hare j^t sasMl. It oimslsta in k 
Irind of open fum«oe, through whioh a pdrtettlttiii tube, oootaHriftf 
•charcoiri, pMe». To one eail of the fdoe if adiapted a ghHi retort 
Whh water itt it ; and the other end eomtfitmiefliies with a recdirer 
lOitied en the water bftth. ▲ latnp being applied t» the reterly Mi 
Uie water made to bolt; the tapour U grttduallt e&awiffi^ tiinnwli 
tiner^-hdit chireeaf, by whteh it isdecOdipoMd ; and Ifae hfifngm 
f«s, wbidh reMlli ttem this decoiiiposttie», h ddlkfeted in tliftT#- 
4Miirer. But tb« bydtiigen thus obtained is fitf froM being pttri ; It 
MCaiM ilf iolntion a AHoote portion of eMxm end edntain^ «Ibo a 
mantity of carbonic acid. This renders it heavier tlMui pure hy- 
^egen gas, and gives it some peculiar ppopertiitt r it ii dfattii gn a L- 
•d by the name of carbonaied hydrtgen gat. 
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WU Why will anmllMuitity of water thfoim npon a fira in- 
craase rather than diminish it? 

M» How would yon deseribe the experiment made by the me 
4iBCBre97? 

M. What it the gas called produced in the experiment ? 
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Caroline, And whence does it obtain the carbonic acid that is 
mixed with it ? 

Emify, 'Lhelieire I can answer that qnestion, Caroline.— From 
t]n§ union of the oxygen (f>roceeding from the decomposed water) 
with tbecarbon^whiiob, yon know, makes carbonic acid. 

CaroUne. Tme : I should have recollected .that. — ^The product 
of the decompositioaof water by red-hot charcoal, therefore, is car- 
bonated hydrogen gas,, and carbonic acid gas. 

Mrt.jB. You are perfectly, right, now. 

Carbon is frequently found combined with hydrogen in a state of 
solidity, especially, in coals, which owe their combustible nature to 
these two principles, 

Emily. Is it the hydrogen, then, that produces the flame of coals ?^ 

JIfrs. B, It is so ; and when all the nydrogen is consumed, the 
carbon continues to bum without flame. But again, as I mention- 
ed when speaking of the gas-lights, the hj^drogen g^s produced by 
the burning of coals is.not pure ; for, during the comoustion, par- 
ticles of carbon are successiyely volatilized with the hydrogen, with 
whioh. they form what is called a hydro'carbonai^ which is the prin- 
cipal pi:p^uct of the combustion. 

Carbon, is a . very bad conductor of heat ; for this reason, it is . 
emplqjred (in conjunction with olber ingredients) for coating furna- 
ces and other .chemical apparatus. 

lEmily, Pray what is the .use of coating furnaces ? 

Mrs. JB. In most cases in which a furnace is used, it is necessary 
to produce and preserre a g^eat degree of heat, for which purpose 
every possible means, are used to prevent the heat from escaping by 
communicating with other bodies, and this object is attained by 
coating over the inside of the furnace with a kind of plaster, cdm- 
posed of materials that are bad conductors of heat. 

Carbon, combined with a small quantity of iron, forms a com- 
pound called plumbago, or black lead, of which pencils are made. 
This substance, agreeably to the nomenclature^ is a carburet ofinm. 

Emiiy. Why, then, is it called black-lead ? 

Jlfr#. B. It is an ancient name given toit by jgnora^t. people, 
from its sbinipg metallic appearance ; but it is certainly a.mfQsUin* 
proper name for it, as there is not a particle oC lead in the composi- 
tion. There is only one mine of this minertli >f hic^ is in. Citm^i^- 
Ifljid.* It is supposed to approach as nearly to pure carbon. as t|>e 
best prepared charcoal does, as it contains Qsly^^e parts of iron, 
nna^laUerated by any other foreign ingredients.^ There is another 
caEbiiret ofiron, in which the iron,. though united only to an ex- 

*■ She means in England. Black lead is found in a great variety 
of places in this country. -^C. 



590. By what is the flame of burning coals occasioned ? 

691. Why is carbon used for coating furnaces and other chemi- 
4^ ^apparatus f 

692. Of what is black lead made f 
59d. Why is it called black lead ? 
.^94. Whsit is. steel? 

13 
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tremely small proportion of carbon, acquires tety remarkable fro^ 
perties : this is steel. 

Caroline, Really ; and yet steel is ranch harder than iron ? 

JSn. B. Bat carbon is not dactile like iron, and therefore majr 
render the steel more brittle, and prevent its bending so eau^f. 
Whether it is that the carbon, by introducing itself into the pores 
of the iron, and, by filling them makes the metal both harder and 
heavier; or whether this change depends npon some chefnicid 
cause, 1 cannot pretend to decide. But there is a subsequent ope- 
ration, hy which the hardness of steel is very nrac^ wcreased, 
which simply consists in heating the steel till it is red-hot, and then 
plunging it into cold water. 

Carbon, besides the combination just mentioned, enters into the 
composition of a vast number of natural productions: such, for in- 
stance, as all the various kinds of oils, which result from the com- 
bination of carbon, hydrogen, and caloric, in various proportions. 

Emily, 1 thought that carbon, hydrogen^ and caloric, formed car- 
bonated hydrogen gas. 

Mrs* B, That is the case when a small portion of carbonic acid 
gas is held in solution by hydrogen. g»as. Different proportions of 
the same principles, together with the circumstances of their union, 
produce very different combinations ; of this yon will see innume- 
rable examples. Besides, we are not now talking of gpases, bnt oP 
carbon and hydra|fen, combined only with a quantity of caloric, 
sufficient to bring them to the consistency ofoil or fat. 

Caroline. But oil and fat are not of the same consistence? 

Jlf r«. B{ Fat is only congealed oil ; or ofI,melted fat.j Theene 
requires a little more heat to maintain it in a fluid state tbeii the 
other. Have you never observed the ^t of meat turned to oil by 
the caloric it has imbibed from the fire .' 

Emify. iTetoils id genera^ as salad-oil, and lamp-oil, do not turn 
to fiit when cold'? 

Jtfri. B. Not at the coiicKnon temperltture of the atmosphere, be- 
cause they retain too much caloric to congeal at that temperature ; 
but if exposed to a sufficient degree of cold, their latent neat is ex- 
tricated, and they become solid, fttt substances. Have yon ilever 
seen salad-oil fVozen in winter ? 

Emily, Yes; bnt it appears to me in that state ferydififereiit 
frohi animal ftit. 

Mn, B% The estobtial constitnent parts of either vegetable or tti- 
imal oils are the same, carbon and hydn^n ; their variety arises 
from theiliffbRInt proportions of these substances, and from other 
accessory ingredients that may be mixed with them. The oil of m 
whale, and the oil of rosei, are, in their essential, constituent parts, 
the same; but the one is inipregfnated with the offensive particles of 
•animal matter, the other with the delicate perfume of a nower."! 

The difference of ^:re(2 ojtir, and volaiUe or en^^io/ o/^, consiste 
also in the various proportions of cdrbon and hydrogen. Fixed oik 



595. To what is the hardness of steel owing ? 

596. What is the difference'between fat and oil ? 

597. What are the essentisil constituent parts of oil ? 

598. What is tfaedifference^between efiensive animal and fz«§rant 
'Vegetable oil? 



f^-diose wiuob vill iKot eYapgrata wilhont beiog^ 4«G4^poft6d ; ibis 
IB the case with all oommon oils, vi^ich oontaio a s^reater proportion . 
pf carbon than 4h^ e^ooDtial oils* tk» essential oils (which com- , 
prebend the whole class of essences and perfumes) are lighter ; they- 
C(Mptt»in more etinal pn>portions of carbon i^nd hydrogeii^ and are 
volatilized or evaporated without being decomposed. 

^miiy. When jon say that one kind of oil will evaporate, and the 
9^r be decomposed, you mean, I suppose, by the application of 
heat? 

M^s. B- Not neceasariiy ; for there are oils that will evaporate 
slowly at thecoipmon temperature of the atmosphere ; but for a 
more rapid volatilization, or for tbeir decomposition^ the asaiatance 
of beat is required.'*' 

Car^Une. I shaU now remeo^ber, 1 think,, that fat and oil are re- 
ally the same substances, both consisting of carbon and hydrogen ; 
that in fixed oils the carbon preponderates, and heat prodtices a de- 
composition ; while, in essentiad oils, the proportion, of hydrogen is 
greater, and heat produces a volatilization only. 

Emiiyi 1 suppose the reason why oil bums so well in lamps, is 
because its two constituents are so combustible ? ) 

Mt^B. Certainly ; the combustion of oil is just the same as that 
of a candle ; if tallow, it is only oil in a concrete state ; if wax, or 
spermaceti, its chief chemical ingredients are still hydrogen and 
carbon. 

Emily. I wonder, then, there should be so great a difference be- 
tween tallow and wax ? 

Mrs. B. I must again repeat, that the same substances, in differ- 
ent proportions, produce results that have sometimes scarcely any 
resemblance to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is applica- 
ble to the present case ; for tallow and wax are far from being very 
dissimilar ; the chief difference consists in the wax beng a purer 
compound of carbon and hydrogen than the tallow, which retains 
more of the gross particles of anjmal matter* The combustion of a 
candle, and that of a lamp, both produce water and carbonic acid 
gas. Can you tell roe how these are formed r 

EmUy. Let me reflect . . . Both the candle and lamp bum by 
means of fixed oil — this is deconiposed as the combustion goes on ; 
and the constituent parts of the oil being thus seoarated, the carbon 
unites with a portion of oxygen from the atmospuere to form carbo- 
nic acid gas, whilst the hydrogen combines with another portion of 

* The volatile or essential oils evaporate when exposed to the air. 
Hence the odour which oil of lavender, peppermint, &c. give out. 
The animal oils, and what are called expressed oils, as that of castor, 
&c. do not evaporate. Hence a good test of the purity of essentialv 
oil, is, to let a dfrop fall on paper. If a grease-spot remains after a 
few minutes, it is adulterated with some fixed oil. — C. 



5$9. Wbatare fixed oils? 

600. What are essential oils ? 

601. Why will oil burn so well in lamps ? 

602. Tn what does the difference between tallow and wax consist ? 

603. How may the adulteration of volatile oil be detected ? 

604. What are the products of the combustion of oils f 
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oxyeen and forms with it water. — ^Tbe products, thtfrefore, of the 

comonstioQ of oils, are water and carbonic acid gas. 

Caroline. Bat we see neither water nor carbonic acid prbdiicad 
by the combttstion of a candle. 

Mn, B. The carbonic acid gas, yon know, is intisibie, and tbe 
water being in- a state of vapour, is so likewise. Emily is per^tly 
correct id her explanation, and I am very much pleased with it. 

All the yegetable acids consist of various proportions of darbon 

and hj^drogen, acidified by oxygen. Gums, sugar, and starch, are 

^ likewise composed of these ingredients ; but, as the oxygen, which 

th6y cohtain is not sufficient to convert them into acids, they are 

dasitid with the oxyds, and called vegetable ozyd. 

CaroHne. I am extremely delights with all these nfew ideas ; 
but, at the same time/ 1 cannot help being apprehensive that I may 
forget many of them. 

Mrs. B. 1 would advise you to take notes, or, what would answer 
iMtter still, to write down, after every lesson, as much of it as you 
can recollect. And, in order to |five you a little assistance, I snail 
Itond you the heads or index, which I occasionally consult for tbe 
sake of preserving some meUiod and arrangenient m these Coover* 
^tions. Unless yoii follow some such plan, yovf Cannot expect to 
retain nearly all that you learn, how great soever be the improst- 
ion it may make on you at first. 

Emifyi I will certainly follow vonr advice. Hitherto I <hav6 
iound that I recollected pretty well, what yoii have taught us ; but 
the history of carbon is a more extensive subject than any of the 
simple bodies we have yet examined. 

Jlfr«. B. I have littld more to say on carbon at present ; bat 
hereafter you will see that it performs a considerable part in chem- 
ical operations. 

Caroline. That is, I suppose, owing to its entering into the com- 
position of so great a variety of substances f 

Mrs. B. Certainly ; it is the basis, as you have seen, of all v^e* 
table matter ; and you will find that it is very essential to the pro- 
cess pf animalization. But in the mineral' kingdom, also, particu- 
larly' in its form of carbonic acid, we shall discover it combine^ 
with a great variety of substances. 

In chemical operations, carbon is particularly useful, from its 
tery great attraction for oxygen, as it will absorb this substance 
from many oxygenated or burnt bodies, and thus de-oxy^enate, or 
Urtbutn thtgm, and restore them to their original combustible state. 
Carolinef I do not understand how a body can be uniunW, and re- 
stored to' its original state. This piece of tinder, for instance, that 
has been /burnt, if by Any means oxygen were extracted from it, 
would not be restored to its former state of linen ; for its texture is 
destroyed by burning, ^nd that must be the case with all organized 
or manufactured substances, as you observed in a former conversa- 
tion. 

Mr^. B, A^coropound body is decomposed by combustion in a way 
itfiich generally precludes the possibility of restoring it to its former 
state ; the oxygen, for instance, does not become fixed in the tinder. 



605. Of #hat do the vegetable acids coi^slst ? 

606. How does carbon restore oxydttted substances to their com- 
bustible state? 



b«( it combinet witb Hs TolatUe parts, and flim off ia U^O'Shape of 
gas or watery Tapour. Ton see, therefore, bow vaia it would oe to 
attempt the reoompositioQ of sucb bodiBs. B\it, with regard to sirn- 
ple boidies, or at least bodies whose componeDt parts are not dis- 
tvbed by the prooess of ozygeoation or deoxyrenation, it is often 
possible to restore thenn after combustioo, to their original state. 
The metals, for iostance, uodergo oo other alteration by combustion 
than axsombinatkm with oxygen ; therefore, when the oxygen is 
taken from them, they return to their pure metallic state. But I 
shall say oothiog further of this at present, as the metals will furnish 
ample subject for another morning ; and they are the class of sim« 
pie bodies that come next under consideration. 



CONVERSATION X, 

ON IKETALS, 

Jtfrt. B, The mstals, which we are now to examine, are bodies 
of a Tory different nature from those nfbich we have hitherto con- 
aid^ned. They do not, like the bases of gases, elude the observa- 
tion of our senses ; for, they are thja most brilliant, the poost pon- 
derous, and the mcMt palpable substances in nature. 

Caroline, I doubt, however, whether the metals will appear to t|s 
ao interesting, and give us so much entertainment, as those myste- 
riiMts elements which conceal themselves from our view. Besides, 
tbey cannot afford so much novelty : they are bodies with which 
we are already so well acquainted. 

JUrt. B» You are net aware, my dear, of the interesting discove- 
ries which were a few years ago made by Sir H. Davy, respecting 
this class of bodies. By the aid of the Voltaic battery, lie has obtained 
from a variety of sub^nces, metals before unknoivq, the properties 
of which are equally new and curious. We shall begin, liowever, by 
noticing those metius with which you profess to be so well aoquain - 
ted. But the acquaintance, you will soon perceive,is but very super- 
ficial, and i trust you will find both novelty and entertainment in 
coBsiderinr the metals in a chemical point of view* To treat of this 
subject fully, would require a whole course of lectures ; for meltals 
form of themselves a most important branch of practical chemistry. 
We must, therefore, confine ourselves to a general view of thep. 
These bodies are seldom found naturallv in their metallic form : tbey 
are generally "more or less oxygenatecf, or combined with sulphur, 
earths, or aods, and are often blended with each other. TbeV are 
found buried in the bowels of the earth in most parts of the world, but 
cAiiefly in mountainous districts, where the surface of the globe has 
been disturbed by earthquakes, volcanoes, and other convulsions of 
nature. They are spread in strata or beds, calM veiift, and these 
reiiM are composed of a certain quality of melal, cppnbined with 

- 1 ' ." " ' ' . " 

607. What alteration do metals undergo from combustion ? 

608. What is the subject of this Conversation ? 

609. Are metals generally found in their pure metallic state ? 

610. In what state are they usually found to exist ? 

611. In what places are they ehiefly discovered ? 
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Tarioos earthy sabstances, with whicb tbsv form miBends of dUtor- 
eat nature arid appearance, which are calied ores. 
^ Caroline: 1 now feel quite at home, for mv ftitber has a lead mine 
in Yorkshire, and 1 have heard a great deal about Tetns of ore, and 
of the roasting and smeUiog of lead ; but, I eonfeas, that I do sot - 
UQderstaild in wha^t these operations consist. 

Jdrs. B* Roasting is the process by which the volatile parts of the 
ore are Evaporated ; smelting,- that by which the pure metal is af- 
terwards separated, from the earthy remains of the ore. This is 
done by throwing the whole into a furnace, and mixing it with cer- 
tain sabstances that will combine with the earthy parts and other 
foreign ingredients of the ore ; the metal bein^^ the heaviest, foils 
toihe bottom, and runs out by proper openings m its pure metallic 
state. 

Emily, Tou told us in a preceding lesson, that metals had a great 
affinity for oxygen. Do they not, therefore, combine with oxygen, , 
when strongly heated in the^mace,and run out in the state of oxydsf 

J(fr«. B. rio ; for the scoriss, or oxyd, which soon forms on the 
surface of the fused metal, when it is oxydable, prevents the air 
from having any further influence, on the mass ; so that neither 
Combustion nor oxygenation «an take place. 

CaroHne. Are all the mS'tals equally combustible ? 

Jtfr«. JB. No ; their attraction for oxygen varies extremely. 
There are some that will combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others that 
oxydate spontaneously, and with great rapidity, even at the low- 
est temperature ; such i4 in particular, manganese, which scarcely 
ever exists in the metallic state, as it immediately absorbs oxygen 
on being exposed to the air, and crumbles to an oxyd in the coarse 
of a few hours. 

Mniily* Is not that the oxyd from which you extracted the oxy- 
gen gas ? 

Jdrg. B. It is : so that, you see, this metal attracts oxygen at a 
low temperature, and parts with it when strongly heated. 

Emily, Is there ady other metll that oxydates at the tempera- 
ture of the atmosphere ? 

Jlft'f. B. They all do, more or less, excepting gold, stiver, and 
t>latitta. 

Copper, lead, and iron, oxydate slowly in the air, and cover themo 
selves with a sort of rast, a process which depends on the grauiual 
conversion of the surface into an oxyd. This rusty surfoce pre- 
serves the interior metal from ozydation, as it prevents the air 
from coming in contact with it. Strickly speaking, however, the 
word rust applies only to the oxyd, which forms on the surface of 
iron, when exposed to air and moisture, which oxyd appears to be 
united with a small portion of carbonic acid. 



«-«. 



612. HoW are they refined ? 

613. What prevents the combustion and oxygenation df metal«« 
when in a state effusion ? 

614. Are all metals equally combustible ? 

615. To what is theif difference in this respect owing ? 

616. Do metals oxydate on bein^ exposed to tiie air? 

b;7. By what is thi mst occasioned that takes place ofi copper 
ttndiron.' 
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MSm/Usf. When m«tali oxydale fnun the atmosphere witbont an 
elevation of temperature, some light and beat, I suppose, must be 
disengaged, though not in sufficient quantities to be sensible. 

Mn, S. Undoubtedlj ; and, indeed, it is not surprising that, in 
this c«Be, the light and heat should not b« sensible, when you con- 
ader how eztremelj slow, and» indeed, how imperfectly, most met-' 
als ozydate by mere exposure to the atmosphere. For the quantity 
of oxygen with which metals are capable of combining, generally 
^spends upon their temperature ; and the absorption stops at Ta« 
rious points of oxydation, according to the degree to which their 
temperature is raised* 

EmU$f4 That seems very natural ; for the greater the quantity of 
caloric introduced into a metal, the more will its positive electricity 
be exalted, and consequently the stronger will be its affinity for ox- 
ygen. 

JUrs- B, Certainly. When the metal oxygenates with sufficient 
rapidity for light and heat to become sensible, combustion actually 
taxes place. But this happens only at very high temperatures, 
and the product is neTertheiess an oxyd ; for though, as I have just 
■aid, metals will combine with different proportions of oxygen, yet 
with the exception of only five of them» they are not susceptible of 
acidification. 

Metals change color during the different degrees of oxydation 
which they undergo. Lead, when heated in contact with the at- 
nospbere, first becomes grey ; if its temoerature be then raised, * 
it turns yellow, and a still stronger heat coangesit to red. And it is 
even capable of a stronger degree of oxydation, in which the oxyd 
UpucB colored. Iron becomes successively a green, brown and 
white myd. Copper changes from brown to blue, and lastly g^een. 

Emily. Pray, is the white lead with which houses are painted, 
prepared by oxydating lead ? 

Mr*. B. Not merely by oxydating, but by being also united with 
carbonic acid. It is a carbonat of lead. The mere oxyd of lead is 
called red lead. Litharge is another oxyd of lead, containing lesa 
esygent Almost all the metallic oxyds are used as paints. The 
rarious sorts of ochres consist chiefly of iron more or less oxydated. 
And it is a remarkable circumstance, that if you bum metals rap- 
idlv, the light or flame they emit during combustion partakes of the 
coiourB which the oxyd snccessiyely assumes. 

CaroHne. How is that accounted for, Mrs. B*, since light does 
not proceed from the burning body, but from the decomposition of 
the oxygen ras ? 

Mrs. B. The correspondence of the color of the light, with that 
of the oxyd whic^ emits it, is, in all probability, owine to some par- 
ticles of the metal which are volatilized and carried offby the caloric 



618. Are light and heat disenga|^ when metals oxydate from 
the atmosphere, witholit an eleyation of temperature ? 

619. Why are they not perceived ? 

620. What changes of colour do lead, iron, and copper undergo 
4nring their different degrees of oxydation ? 

62L How is common white lead obtained ? 

622. For what porpose are most of the metallic ozyds nsed f 

623. How are yellow paints or ochres obtained, or of what are 
thej composed f 
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Caromt. It is ttien a sort of melallie yai. . , .^ . . 

Emilg. Whj is it reckoned »o uDwholesome lo brektMtbe wr of 

pace where melals are melting? „ . -, 

jtfr. B. Perhaps the notion is too generaHy entertained. Bat it 
1 true with respect to lead, and some other iioiion»inelalB,beo»iiie 
nnless care be taken, the particles of the oiyd which are TolatU™- 
ed by the heat are inhaled with the breatb, and may prodeca im- 

veronB effects. 

Fig. M. I mnst show you «oi»tt 

instances of the combo*' 
tioD of metals ; it would rft< 
quire the beatof afumacB 
to make them bum ia tbs 
common air, hat if we sup- 
ply them with a stream of 
ozygren gas, we may wuU j 
accomplish it 

Caroline. It wiUatil], 1 
suppose, be neoewarr in 
some decree to niw their 
temperature ? 

JVn. B. This, u yod 
shall tee, is very easily 
done, particolarly if tM 
experiment be tned apoa 
a small scale. I tiegin by 
lighting tills piece of char* 
coal with the candle, and 
then JDcrease therapidi^ 
nf its comhmtioD by blow- 
ing upon it with a blow> 
pipe. (Pig. 58, No. 1.) 

Emik/- That 1 do not 
nnderstand; for it is not « 
erery kind of air, but 
merely oxygen gas, that 
produces combusliofi. — ~ 
Now you said that in brea- 
thing ws inspired, but did 
not expire oiygea gaa. — 
Why, therefore, shooUtbo 
air which JDQ breathe Ihra' 
the blow-pipe promote the 
combustioQ of the chw 




k: 



C7.'7,^Jft^;^;^r™it*SSrpa^ throogh the loBga, 
t. Combui.. .r»i>ubr>°«»*""°— P'r<«">-ujet bnt little altered, » 

-.-*«"""■"' »•!(« »M fiMi iM^toWw. amall portion only of itaox- 

ygen being destroyed ; so that a great deal more is gained by io- 

creasingthe rapidity oftbecurreatibymeanaoftbe blow pipe,tfaMi 



634. Why is it reckoned unwholesome to breathe the air of m 
place in which metals are melting f 
eOs. What gas produces combustion f 
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18 lost in consequence of the air passing: once through the lungs, as 
yon shall ooo « 

Emiiif, Yes, indeed, it makes the charcoal burn much brighter. 

Jtfr«. jB« Whilst it is red hot, I shall drop some iroii' filings on it, 
and supply them with a current of oxygen gas, by means of this 
apparatus, (Fig. 28, No. 2. ) which consists simply of a closed tin 
cyiindricaJ vessel, full of oxygen g^, with two apertures and stop- 
cocks, by one of which a stream of water is thrown into the vessel 
through a long funnel, whilst by the other the gas is forced out 
through a blow-pipe adapted to it, as the water gains admittance. 
INow that I pour water into the funnel, you may bear the gas issu- 
ing from the blow-pipe. I bring the charcoal close to the current, 
aira drop the filings upon it^- 

Caroline. They emit much the same vivid light as the combustion 
of the iron wire in oxygen gas. 

Jtfr#. B. The process is, in fact, the same ; there is only some 
difference in the mode of conducting it. Let us burn some tin in 
the same manner — you see that it is equally combustible. Let us , 
now ti^ soiUe copper — 

CkariUtU. This bums with a greenish flame ; it is, I suppose, ow* 
uirJ:o the color of the oxyd ? 

EmUy. Pray, shall we not also burn sonie gold ? 

JIfr*. B, That is not in our power, at least, in this way. Gold, / 
silver, and platina, are incapable of being oxydated by the greatest 
beat that we can produce by the common method* it is from this 
ciicumstance, that they have been called perfect metals. Even 
these, however, have an affinity for oxygen ; but their oxydation or 
combustion can lie performed only by means of acids, or by electri- 

city. , . 

The spark given out by the Voltaic battery produces at the point 
of eontsKt. a greater degree of heat than any other process ; and it 
is at this-^ery high temperature only that the affinity of these met- 
als for oxygfen will enable them to act on each other. 
^ I am sorry that 1 cannot show you the combustion of the perfect 
metals by tiiis process, but it requires a considerable Voltaic Usittery. 
You will see these experiments performed in the most perfect man- • 
i)er, when you attend the chemical lectures of the Royal Institution. 
But in the mean time I can, without difficulty, show you ad ingen- 
ioQS apparatus lately contrived for the purpose of producing intense 
heats, the power of which nearly equals that of the largest Voltaic 
batteries. It simply consists, you see, in a strong box, made of iron 
or copper, (Fig. 29.) to which may be adapted the air-syringe or 
condensing pump, and a stop- cock, terminating in a small orifice 
similar to that of a blow- pipe. By working the condensing syringe 
up and down in this manner, a quantity of air is accumulated in the 
vessel, whi^h may be increased to almost any extent, so that, if we 
now tttm the stop-cock, the condensed air will rush out, forming a 
jet of considerable force ; and if we place the flanae Of a' lamp m the 
cvrient, yeu will see how violently the flame is drivien in that direc- 



626. What is represented by figure 28 ? 

627. What metals have been called perfect } 

628. Why have they been thus called ? 
62^. What is represented by figure 29 ? 
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A, tb* rcwrroir of «oad«i»ed ur. B, the coadamiaf tjTiag: 
C, tht blftddar for OTfgttu D, the noTe*bk jet. 

CaroHne. Il seems to be exactlj the same effect as that of a blow^ 
pipe worked by the mouth, only much stronger. 

Emily, Yes ; and the instrument has this additional advantag^e, 
that it does not fatigue the mouth and lungs like the common blow- 
pipe, and requires no art in blowing. 

Mrs. B, Unquestionably ; but yet this blow-pipe would be of 
very limited utility, if its energy and power could not be greaUy 
ncreased by some other contrivance. Can you imagine any mode 
of producing such an effect? 

Emily, Could not the reserroir be charged with pure oxygen 
instead of common air, as in the case of the gas-holder ? 

Mrs. B, Undoubtedly ; this is pfecisely the contrivance I allude 
bo. The vessel need only be supplied with air from a bladder full 
of ozyeren, instead of the air of toe room, and this, you see, may 
be easily done by screwing the bladder on the upper part of the syr- 
inge, so that, in working the syringe, the oxygen gas is forced from^ 
the bladder into the condensing vessel. 

Caroline, With the aid of this small apparatus, therefore, we coukl 
obtain the same effects as those we have just produced with the gas- 
holder, by means of a column of water forcio? the ga^ out of it. 

Jdn. JB, Yes ; and much more conveniently so. But there is 
8 mode of using this apparatus, by which more powerful effect » 
still may be obtained. It consists in condensing in the reservoir, 
not oxygen alone, but a mixture of oxygen and hydrogen in the ex- 
act proportion in which they unite to produce water ; and then kin- 



6dQ. How could the reservoir in that figure be supplied with pure 
oxygen ? 
63]. How is the most intense heat produced ? 
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die the jet formed by the mixed ffases. The heat disengaged by this 
combustion, without the help of any lamp, is probably the most in- 
tense known ; and various effects are said to hare neen obtaftied 
from it which exceed ail expectation. 
Caroline. But why should we not try this experiment ? 
Mn, B, Because it is not exempt from danger ;* the combustion 
Notwithstanding' various contrivances which nave been resorted to 
'^'~ a view to prevent accident) being apt to penetrate into the in- 
" the vessel, and to produce a darig«rous and violent explosion, 
therefore, now proceed to our subject. 
I think yon said the oxyds of metals could be restored <- 
Sfeic state ^ 

^ ; this operation is calle() reviving a metal. Metals 

. capable of being revived by charcoal, when heated 

A'coal having a grater attraction for oxygen than the 

ju need only, therefore, decompose, or unburn the oxyd 

jg it of its oxygen and the metal wiU be restored to its 

But will the carbon, by this process, be burnt, and bcs 
Ced into carbonic acid ? (, 

jh, B, Certainly. There are other combustible • substances to 

jfch metals of a high temperature Will part with their oxygen. 
J!fiey will also yield it to each other, according to their severe 
vegrees of attraction for it ; and if the oxygen goes into a more 
dense state in the metals wfai<5h it enters, than it listed in that which 
it quits, a proportional disengagement of caloric will take place. 

Caroline, And cannot the oxyds of gold, silver, and platina, 
which are formed bv means of adids or of the electric fluid, be re« 
stored to their metallic state .' 

Mrs, B, Tes, thev may, and the intervention of a combustible 
body is not required ; heat alone wHl take the oxygen from them, 
convert it into gas, and revive the metal. 

'Emily. Tou said that rust was an dxyd of iron ; how is it, then, 
that water, or merely dampness, produces it, which yoii know, it 
very frequently does on steel grates; or any iron instruments ? 

^ Hydrogen and oxygen may be burned together With ttie most 
Hserfect safety by means of the compound hlow-pipey an instrument 
invent^ by Prof. Hare, of Philadelphia. Instead of znixing the 
gases in the same reservoir, they are kept separate uiitil they meet 
at the point ()f ^mbustion. An account «f this blow-pipe is giv^en 
by Prof. Silliman, in his edition of Henry's chemistry, together with 
a listof experiments made with it on various substances. This was 
tbcilfirBt notice of any experiment made by burning the two gases 
tdg^ther, for the purpose of obtaining an intense besit.— rO. 



632. How fnay oxygen and hydrogen he burned togMer toUh 
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What is called reviving a metal ? 

634. By what are metals rerived ? 

635. What effect is produoed on the carboli wbiefa is osed to r«- 
Hrive a metab? 

036. Gantheexydsof the.fMBEfect metels be reatefM to their 
^metallic state? 
'4.637. By wfaobmean^ 
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Jtfrt. B. In that case t\ie metal decomposes the water, or damp- 
ness (which is Dothiag but water Id a. state of vapour,) and obtains 
the oxygen from it. 

Caroline, I thought that it was necessary to bring metals to a 
yenr high temperature to enable them to decompose water. 

Jurs. B, It is so, if it is required that the process should be per- 
formc|d rapidly, and if any considerable quantity is to be decomposed. 
Rust, you know, is sometimes months in forming, and then it is only 
the surface of the metal that is oxydated. 

Emily, Metals, then, that do not rust, are incapable of spontane- 
ous oxydatioo, either bv air or ..water ? 

Jltr«. B, Yes ; and this is the case with the perfect metals, which 
on that account, preserre their metallic lustre so well. 

Emily, Are all metals capable of decom{k)sing water, provided 
their temperature be.sufficiently raised ? 

Jilrs, B, No ; a certain degree of attraction is requisite, besides 
the assistance of heat. Water, you recollect, is composed of oxy- 

Sen and hydrogen ; and, unless the affinity of the metal for oxyg^D 
e stronger than that of the hydrogen, it is in v^n that we raise its 
temperature, for it caimot take the oxygen from . the hydn^en.— 
; Iron, zinc, tiq, and antimony, have a stronger affinity for oxygen 
. than hydrogen has, therefore, jthese four metals are capable of de- 
composing water. But hydrogen, having an advantage over all the 
other metals with respect to its affinity for oxygen, it not only with- 
hoMs its oxygen from them, but is even capable, under certain cir- 
cumstances, of taking the oxygen from the oxyds of these metals. 

Emily. I confess that I do not quite understand why hydrogen can 
taike oxygen from those metals which do not decompose water. 

'Caroline, Now I think I do perfectly. Lead, for instance, will 
not decompose water, because it has pot so strong ;^n attraction for 
oxygen as nydrogen has. Well, then, suppose the lead to be in a 
state of oxyd ; nydrogen will take the qxyd from the lead, and unite 
with it to^rm.water, l>ecau8e hydrogen has at stronger attraction 
than oxygen has for lead, and it is the same with all the other metals 
which do not decompose water* 

Emily. 1 understand your explanation, Caroline, very well ; and 
I imagine that it is because lead cannot decompose water that it is 
so much employed for pipes for conveying that fluid.* 

Jdrs. B. Certainly ; lead is, on that account, particularly appro- 
priate to such purposes ; whilst, on ihe contrary^ this metal, if it 
was oxydable bv water, would impart to it very (loxious qualities, 
as all Qxyd9 of, lead are more or less pernicious. 

'^Leadia;<;apable of decomposing .water, and when suffered jbo 
stand Ion? in a vessel of this metal, it becomes poisonous. When 
used merely to convey water, there is but little danger. — C. 



638. If rust is an oyyd of iron, why is it that water or dampDfli|i 
; manses it f 

639. Do the metals oxydate on being exposed to the air.^ 

640. Why will not the perfect ^petals rust ? 

641. What metals are capable of decomposing water^? 
rib4St. Why cannot all metals decompose water? 
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But with regard to the ozydation of metals, the most powerful r 
mode of effecting it, is by ineaDS of acids. These, jou know, con- 
tain a much greater proportion of oxygen than either air or water; 
and will, most of them, easily yield it to metals. 

Thus, you recollect, the zinc plates of the Voltaic battery are oz- 
ydated by the acid and water, much more effectually than by water 
alone. 

Caroline. And I hare often obseryed that if I drop vinegar, lem- 
on, or any acid on the blade of a knife, or on a pair of scissors, it 
will immediately produce a spot of rust. 

Emily. Metals have, then, three ways of obtaining oxygen ; from 
the atmosphere, from water, and from acids. 

Jtrs. B. The two first you have already witnessed, and I shall 
now show you how metals take the oxygen from an acid. This bot- 
tle contains nitric acid ; I shall pour some of it over this piece of 
copper leaf .... 

Caroline. Oh, what a disagreeable smell ! 

Emily. And what is it that produces the effervescence, and that 
thick yellow vapour ? 

Jdrs. B' It is the acid, which, being abandoned by th egreatest 
part of its oxygen, is Converted into a weaker acid, which escapes 
m the form of gas. 

Caroline. And whence proceeds this heat ? 

J^lrs. B. Indeed, Caroline, I think you might now be able to an- 
swer that question yourself. 

Caroline. Perhaps it is that the oxygen enters into the metal in a 
more solid state than it existed in the acid, in consequence of which 
caloric is disengaged. 

Mrs. B. U the combination of the oxygen and the metal results 
from the union of their opposite electricities, of course caloric must 
be given out. 

Emily. The effervescence is over ; therefore I suppose that the 
metal is now oxydated. 

Jlfr#. B. Tes. But there is another important connexion be- 
tween metals and acids, with which I must now make you ac(]|i]aint- 
ed. Metals, when in a state of oxyds, are capable of being dissolv- 
ed by acids. In this operation they enter into a chemicad combi-' 
nation with the acid, and form an entirely new compound. 

Caroline. But what difference is there between the oxydaium 
and the diti<4uUon of the metal by an acid ? 

Jlfr«. By In the first case, the metal merely combines with a por- 
tion of oxyffen taken from the acid, which is tbtis partly deoxygen- 
ated, as in the instance you have just seen ; in the second case the 
metal, after being previously oxydated, is actually dissolved io the 



643. What is the most powerful mode of oxydating metals ^ 

644. From what do metals obtain oxygen ? 

645. When a metal dissolves in acid, what causes the efferves- 
cence P 

646. To what is the bent owing, when a metal is dissolved in acid ? 

647. What state must a metal be in before it can be dissolved by 

an acid ? 

648. How can metal then be dissolved ? 

649. What is the difference between the oxydation and he disso- 
lation of a metal by an acid f 

14 
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acid, and enters into a chemical combination with it, without pro- 
ducing^ an^ further decomposition or efferFesoence, This complete' 
combination of an oxyd and an acid forms a peculiar and important 
class of compound salts. 

Emily, The difference between an oxyd and a compound salt, 
therefore, is very obvious ; the one consists of a metal and oxygen ; 
the other of an oxyd and an acid. 

•Afr«. B. Very well ; and you will be careful to remember that 
the metals are incapable of entering^ ioto^his combination with acida, 
unless tLey are preriously oxydated ; therefore whenever you bring 
a metal in contact with an acid, it will be first oxydated, and after- 
war ds dissolved, provided that there be a suflScient quantity of acid 
for both operations. 

There are some metals, however, whose solution is more easily 
accomplished by diluting the acid in water; and the metal will, in 
this case, be oxydafed, not by the acid, but by the water, which it 
will decompose. But in proportion as the oxygen of the water ox- 
ydates the surface of the metal, the acid combines with it, washes it 
off and leaves a fresh surface for the oxygen to act upon ; then other 
coats of oxyd are successively formed, and rapidly dissolved by the 
acid, which continues combining with the new formed surfaces of 
oxyd till the whole of the metal is dissolved. During this process the^ 
hydrogen gas of the water is disengaged, and flies off with effervesence. 

Emily. Was not this the manner in which the sulphuric acid as- 
sisted the iron filings in decomposing water f 

Mr8. B. Exactly ; and it is thus that several metals, which are 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off the covering 
of oxyd, as it is formed, prepares a fresh surface of metal to act upon 
the water. 

Caroline. The acid here seems to act a part not very different 
from that of a scrubbing brush. But pray, would not this be a good 
method of clensing metallic utensils ? 

Jiirt. B. Tes; on some occasions a weak acid, as vinegar, is 
used for cleaning copper. .Iron plates, top, are freed from tlM rust 
on their surface by diluted muriatic acid, previous to their being 
covered with tin. You must remember, however, that in this mode 
of cleanin|^ metals the acid should be quickly afterwards wiped off^ 
otherwise it would produce fresh oxyd. 

CaroHne. Let us watch the dissolution of the copper in the nitric 
acid : for I am very impatient to see the salt that is to return from 
it. The mixture Is now of a beautiful blue color ; but there is no 
appearance of the formation of a salt ; it seems to be a tedions ope- 
ration. 

JUn. B, The crystallization of the salt re<)uire8 some length of 
time to be completed ; if, however, you are so impatient, I can easily 
show yon a metallic salt already formed. 

Caroline. But that would not satisfy my curiosity half so well as 
one of our own manufooluring. 

JUre. B. It is one of our own preparing that I mean to show yon. 
When we decomposed water a Sew days since, by the oxydatkNi of 
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ilroD filings throng^h the assistaooe of sulpharic acid^ io what did the 
process consist f 

CareHne. In proportion as the water yielded its ozyfen to the 
iron, the acid combined with the new formed ozyd, and the hydro- 
gen ejBcaped alone. 

iMrs, B* Very well ; the result, therefore, was a compound salt, 
formed by the combination of sulphuric acid with olygen of iron. 
It still remains in the vessel in which the experiment was performed. 
Fetch it, and we shall examine it. 

Emily, What a variety of processes the decomposition «f water, 
by a metal and an acid, implies :• tst, the decomposition of the water ; 
9dly, the oxydation pf the metal ; and 3dly, the ibrmation of a com- 
pound salt. 

Caroline* Here it is, Mrs. 6. What beautiful green crystals ! But 
we do not perceive any crystals in the solution of copper in nitrous 
acidb 

Mrs, B. Because the salt is now suspended in the water which the 
nitrous acid contains, and wil] remain so till it is deposited, ih con- 
sequence of rest and cooling. 

Emily* I am surprised that a bodv so o]^aque as iron can be con- 
verted into Such trans(>arent crystals. 

Mn^ B. It is the union with the acid that produces the* transpa- 
rency ; for if the pure metal were melted, ana afterwards permitted 
to cool and crystallize, it would be found just as opaque as before. 

Emily* 1 do not understand the etBtt meaning of tryitailixdHon. 

Mn. B. You recollect that when a solid body is dissolved, either 
by water or caloric, it Is not decomposed : but that its integrant 
fBTtt are only suspended in the solvent. When the solution is made 
m water, the integrant particles of the body will, on the water being 
evaporated, ag^n unite into a solid mass, by the force of their mu- 
tual attraction. But when the body is dissolved by cbleric alone, 
nothing more is necessary, in order to make its particles re-tinite, 
than to reduce its temperature. And, iti general^ if the solvent, 
whether water or calorie, be slowly separated by ivaporatiod or by 
cooling, and care taken that the particles be not agitated during 
their re-union, they will arrange themselves' ita reguW masses, each 
individual substance assuming a peculiar form or arrangement ; 
and this is what is called crystallization. 

Emily* Crystallisation, therefore, is simply the re-union of the 
particles of a solid body which has tieen dissolved in a fluid.* 

JIfrs. B* That is a very good definition of it. But I must not for- 
get to observe, that heat ^nd water may unite their solvent powers 
and in this case, crystallisation may be hastened by Coolings as wel 
as by evaporating the liquid. 

Caroline* But if the body dissolved is of a volatile nature^ will it 
not eivaporate with the fluid ? 

* Not exactly, because the particles of the fluid make a part of 
the crystal. Crystallization is that process by which the particles 
of bodies unite to form solids, of certain, and regular shapes.— C 



653. What processes does the decomposition of water by a metal 
and an acid imply f 

654. What causes crystallized iron to be transparent f 
k. What it eryttalHzaHon ? 
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Mrs. B. A crystallized body held in solution only by water is 
scarcely ever so volatile as the fluid itself; and care must be taken 
to mana^ the heat so that it may be sufficient to evaporate the 
water only. 

I should not omit also to mention that bodies, in crystallizing from 
their watery solution, always retain a small portion of water, which 
remains confined in the crystal, in a solid form, and does not re-ap- 
pear unless the body loses its crystalline state. This is called the 
voaier of crystallisation. But you roust observe, that whilst a body 
may be separated from its solution in water or caloric simply by cool- 
ing or by evaporation, an acid can be taken from a metal with which 
it IS combinea only by stronger affinities, which produce a decom- 
position. 

Emily. Are the perfect metals susceptible of being dissolved and 
converted into compound salts by acids ? 

Jlfr«. B, Gold is acted upon by only one acid, the oxygenated 
fnurintie, a very remarkable acid, which, when it is most concen- 
trated state dissolves gold or any other metal, by burning them 
rapidly. 

Gold can, it is true, be dissolved likewise by a mixture of two 
acids, commonly called aqua regia ; but this mixed solvent derives 
that property from containing the peculiar acid which I bave just 
mentioned. Flatina is also acted upon by this acid only ; silver is 
-dissolved by nitric acid. 

Caroline. I think you said that some of the metah might be so 
strongly oxydated as to become acid ? 

Mrs, B. There are five metals, arsenic, molybdean, chrome^ 
tungsten, and columbium, whrch are susceptible or combining with 
a sufficient quantity of oxygen to be converted into acids. 

Caroline, Acids are connected with metals in such a variety of 
ways, that I am afraid of some confusion in remembering them. In 
the first place, acids will yield their oxygen to metals. Secondly, 
they will combine with them in their state of oxyds, to form com- 
pound salts ; ao3 lastly, several of the metals are themselves sus- 
ceptible of acidification. 

jilrs. B. Very well ; but though metals have so great an affinity 
for acids, it is not with that class of bodies alooe that they will com- 
bine. They are most of them, in their simple state, capable of uni- 
tmg with sulphur, with phosphorus, with carbon, and with each 
other ; these combinations, according to the nomenclature which 
was explained to you on a former occasion, are called svlphurets-^ 
phosphorets, carburets^ ice. • 

The 'metallic phosphorets offer nothing very remarkable. The 
sulphurets form the peculiar kind of mineral called pyrites^ from 
which certain kinds of mineral waters, as those of Harrogate, derive 



655. What is the water of crystallization ? 

656. Are the perfect metals susceptible of being dissolved and 
converted into compound salts by acids ? 

657. Can any of Ihe metals combine with so great a quantity of 
oxygen as to become acids ? 

658. With what other substances besides acids, will metals com- 
bine P 

659. Wbat are the combinations of the cnetals with each other 
called ^ 
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their cbief chemical properties. In this combinatioo, the Bulphur, 
together with the iron, have so strong an attraction for oxygen, that 
they both obtain it from the air and nrom water, and by condensing 
it in a solid form, produce the heat which raises the temperature of 
the water in such a remarkable degpree. 

Emify. But if pyrites obtain oxygen from water, that water must 
suffer a decomposition, and hydrogen p^as be evolved. 

JArg. B, That is ' actuall v the case m the hot springs alluded to^ 
which give out an extremely fetid gas, composed of hydrogen, im« 
pregnated with sulphur. 

Caroline, If I recollect right, stee) and plumba|^, which yon men- 
tioned in the last lesson, are both carburets of iron. 

Jtfr«. B, Tes ; and they are the only carburets of much conse* 
quence. 

A curious combination of metals has lately very much attracted 
the attention of the scientific world : I mean the meteoric stones 
which fall from the atmosphere. They consist principally of native 
or pure iron, which is never found in that state in the bowels of the 
eaith ;* and contain also a siaall quantity of nickel and chrome, a 
combination likewise new in the mineral kingdom. 

These circumstances have led many scientific persons to believe 
that those substances have iiallen from the moon, or some other 
planet, while others are of opinion either that thev are formed in the 
atmosphere, or are projected into it by some unKnown volcano on 
the surface of our nobe. 

Caroline. 1 have neard much of these stones, but I believe many 
people are of opinion that they are formed on the surface of the 
earth, and laugh at their pretended celestial origin. 

JIf rt. jB. The (act of their falling is so well ascertained, that I 
think no person who has at all investigated the subjeet, can now 
entertain any doubt of it. Specimens of these stones have been dis- 
covered in all parts of the world, and to each of them some tradition 
or story of its mil has been found connected. And as the analysis of 
•11 those specimens afford precisely the same results, there b strong 

* This seems to be a mistake. Several localities of native iron, 
found in veins are pointed out hy authors^ In several instances 
large blocks of natiire iron have been found on the s«r&ce of the 
•artb.— One found byProC PaHasIn Bifberia, weighed 1600 lbs. 
Another found ia Sooth America, is said to wei^ 30,00d lbs. ftc. 
These have been euspected to be of meteoric origin, though nothing 
is knowny'which makes this certain. Those stones which are knowa 
beyond a doubt to have fallen from the atmosphere, have a very dif- 
ferent Gompoaition. These generallv contaoo the following ingre- 
dients, viz. 4roa. aiefced chrome^ oxide of iron, nUphur^ Ator, hme, 
mtagnenayViA o/umaae- The iron rarely amounts to a quarter of 
the whole. Accounts are recorded of the falliopr of stones, sulphur, 
&c. in every age since the Christian era, and m almost every part 
of the world. — C. 



660. Which are the most important carburets ? 

651. Of what do the meteoric stoaes which have attracted so 
much attention from the scientific wo4B, consist ? 

662. What opinions have been entertained as to the origin of 
these stones f 14* 
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reason to conjecture that they all proceed from the same source. 
It is to Mr. Howard that philosophers are indebted for having first 
analysed these stones, and directed their attention to this interest- 
ing subject. 

Caroline. But pray, Mrs. B., how can solid masses of iron and 
nickel be formed from the atmosphere, which consists of the two 
airs, nitrogen and oxygen ? 

Mrt^B. 1 really do not see how they could, and think it much 

more probable that they .fall from the moon,. or some other celestial 

body.— But we must not suffer this digression to take up too much 

of our time. 

/ The combinations of metals with each olber are called alloys ; 

^ thus brass is an alloy ofcopper and zinc; bronze of copper and tin,&c. 

jEJifit/y.' And is not pewter also a combination of metal P 

Mrt. B. It is. The pewter made in this country is mostly com- 
posed of tin, with a very small proportion of zinc and lead. 

Caroline. Block-tin is a kind of pewter, I believe? 

J\irs.B. Properly speaking, block-tin means tin in blocks, or 
square massive ingots ; but in the sense in which it is used by igno- 
rant workmen, it is iron plated with tin, which renders it more dur- 
able, as tin will not so easily rust. Tin alone, however, would be too 
soft a metal to be worked for common use, and all tin vessels and 
utensils are in fact made of plates of iron, thinly coated with tin, 
W/hich prevents the iron from rusting. 

Caroline. Say rather, oxydating^ Mrs. B. — Rust is a word that 
ought to be exploded in chemistry. 

Mrs. B. Take care, however, not to introduce the word oxvdate 
instead of rust, in general conversation ; for vou would probably 
not be understood, and you might be suspectedf of affectation. 

Metals differ very much in their affinity for each other ; some 
<will not unite at all, others readily combine together, and on this 
.^operty of metals the art of <o[(iertng depends. 

Emily, What is soldering ? 

Jtfr«. B. It is joining two pieces of metal together, by a more fn- 
■■ible metal interposed between them. Thus tin is a solder for lead ; 
^brass, gold, or silver, are solder for iron, &c. 

4JaKoline. A nd is not plating metals somethi og of the same nature ? 

Jtfrt. S, In the operation of plating, two metals are .united, .one 
being •covered with the other, but without the intervention of a 
third ; iron or copper may thus be covered with gold or silver. . 

Emily. Mercury appears to me of a very different nature from 
the other metads. 

Mrt, B. One of its greatest peculiarities is, that it retains a fluid 
state at the temperature of the atmosphere. All metals are fusible 
8t different degrees of beat, and they have likewise each the proper- 
tf of freezing or becoming solid at a certain fixed temperature.-— 



663. Who first analy^ these stones ? 

664. What are the combinatione.of metals with eachother joalled? 
665. Of what is brass an alloy ? 

^66. Of what is pewter composed? 

067. What is block-tin ? 

668. On what does' the ai^f soldering depend i 
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Mercury cong^eals only at Bcrenty-tvfo degrees belevr the freezing 
point. 

Emily. That is to say, that in order to freeze, it requires a tem- 
perature of seyenty-two degrees colder than that at which water 
freezes. 

J(fr«. B. Exactly so. 

Caroline. But is the temperature of the atmosphere ever so low 
as that ? ^ 

. Mrt, B. Yes, often in Siberia ; but happily never in this, part of 
the globe. Here, however, mercury may be congealed by artifi- 
cial cold ; I mean such intense cold as can be produced by some 
chemical mixtures or by the rapid evaporation of ether under the 
air pump.* 

CaroHne. And can mercury be made to boil and evaporate ? * 

JfrSf B. Yes, like any other liquid ; only it requires a mu^h 
greater degree of heat. At the temperature of six hundred de- 
grees, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and with several otbef 
metals ; and, if mixed with any of them in a sufficient proportion^ 
it penetrates the solid metal, softens it, loses its own fluidity, and 
forms an amalgam, which is the name given to the combination of 
any metal with mercury, forming a substance more or less solid, 
according as the mepcury or the other metal predominates. 

Emily. Id the list of metals there are some whose names I have 
never before heard mentioned. 

Mrfi, B. Besides'those which Sir H. Davy has obtained, there art 
several that have been recently discovered, whose properties are 
yet but little known, as for instance, titanium, which was discover^ 
ed by the Rev. Mr. Gregor in the tin-mines of Cornwall ; colixin* 
bium or tantalium, which has lately been discovered by Mr. Hatch* 
ett ; and osmium, iridium, palladium, and rhodinm, all of which 
Dr. WoUaston and Mr. Tenant found mixed in minute quantities 
with crude platina, and the distinct existence of which tiiey proved 
by curious and delicate experiments. More recently still Professor 
Berzelius has discovered in a pyritic ore, at Fahlun, in Sweden, a 
metallic substance, which he has called ^e^anium, and which has the 
singular peculiarity of assuming the form of a yellow gas when 
heated in close vessels. In-someof its properties this substance 
seems to hold a medium between the combustibles and the metals. 
It bears in particular a strong analogy to sulphur. 

Caroline, Arsenic has been mentioned amoog;8t the metals, I had 
•no notion that it belonged to that class of bodies, for I had never 
seen it but. as a powder, and never Uiought of it but as a most dead- 
ly poison. 

Mrt, B. In its pure metallic staete, i believe it is not so poisonoas ; 
but it has such a great affinity for exygeo, that it absorbs it from the 
atmosphere as its natural temperature ; youhf^ve seen it therefore, 

* By a process analogoos to that described^ page 81, of this work. 



669. At what temperature will mercury congeal ? 

670, At what temperature will it boil and^svaporate ? 

'671. What is the combination of a f|||lUl with mercury called? 
672. What metals have been recenWy discovered ? 
^7a What is the natural state of arsenic f 
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only in its slate of ozyd, when, from its combination with oxygpen, 
it has acquired its rery poisonous properties. 

Caroline, Is it possible that oxygen can impart poisonous quali- 
ties f That valuable substance which produces light and fire, and 
which all bodies in nature are so eager to obtain ? 

Jlfr«. B. Most of 4be metallic oxyds are potsenous, and derire 
this property ^rom their union with oxygen. The white lead, so 
much used in paint, owes its pernicioos effects to oxygen. In gen* 
eral, oxygen, in a •concrete state, appears to be particularly des- 
tructiye m its effiHSls en flesh or any animal matters and.tbose oxyds 
are most caustic that hare an acrid, burning taste, which proceeds 
from the metal baying but a slight affinity for oxygen, and therefore 
easily yielding to the flesh, which it corrodes and desteeys. 

Emily, What k the meaniiig of the word cautHc^ which you 
liare just used ? 

Jtfrf. B, It expresses that property which some bodies possess, of 
disorganizing and destroying animal matter, by operating a kind of 
, combustion, or at least a chemical decomposition. Ton must often 
•hare heard of caustic used to burn warts, or other animal excres* 
cences ; most of these bodies owe their destrticti?e power to &e 
oxygen with which they are combined. The common caustic call- 
ed Jtmor emutfte, is a compound formed by the union of nitric acid 
and silver ; and it is supposed to owe ils caustic qualities to the 
oziven contained in the nitnc acid. 

Caroline, Bitt, pray, are not acids still mere caustic than oxyds« 
as they contain a greater proportion of OKygen? 

Mre. B. Some of the acids are ; but the caustic property of a 
iMidy depends not only upon the quantity of oxyf|^ which it con- 
Cains, but also upon its slight affinity for that principle, and the con- 
aeduent facility with which it yields <it. 

jSmUy. Is not thisdestructire property of'OxygenjMxsonnted fiir ? 

JIfrs. B, It proceeds probably from tbe<strong «ttraction of ox- 
ygen for hydrogen ; for if the one rapidly absorb the other from the 
animal fibre, a disorganisation of the substance must ensue. 

Emily* Causties are, then, yery properly said to bum the flesh, 
since tlie combination of oxygen and hydrogen is an actual com- 
bastion. 

■CaroUne, Now, I think, thiseffisct would be more properly term- 
ed an oxydatioD, as there is no disengagement of light and heat. 

Mrs, B, But there really is a sensation of heat produced by the 
action of caustics. 

Emily, If osygen is so caustic, why does not that which is con- 
tained m the atmosphere bum ns ? 

Mre. S. Because it is in a gaseous state, and has a greater at- 
traction for its electricity than for the hydfogen of our bi&ies. Be- 
sides, should the air be slighfly caustic, <v« are in a great measure 
sSi^ltered from iti effects bgr the skin : yon know how much a 
wound, howeyer trifling, smarts on being exposed to it. 

674. From what do metals derire their poisonous properties ? 

675. What is a caustic ? 

. 676. t)n what does the caustic property of a body depend ? 

677. How is this destniqtiye property of oxygen accounted for .' 

678. If oxygen is of a cslstic tendency, why does not that burn 
us, which is contained in the atmosphere ? 
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Caroline, It is a cahous idea, however, that vre should live in a 
slow fire. But, if the air was caustic, would it not bare an acrid 
t^te f 

J\lfr9, B, It possibly may haye such a taste ; though in so slight 
a degree, that custom has rendered it insensible. 

Caroline* And why is not water caustic ? . When I dip my hand 
into water, though cold, it ought to burn me from the caustic na- 
ture of its oxygen. • . 

JIf rf. B> Your hand does not decompose the water ; the oxygen 
in that state is much better supplied with hydrogen than it would 
be by animal matter, and, if its causticity depend on its affinity for 
that principle/ it will be yery far from quitting its state^f water to 
act upon your band. You must not forget that oxyds are caustic 
in proportion as the oxygen adheres slightly to them.- 

Emily. Since the oxyd of arsenic is poisonous, its acid, I suppose, 
is fully as much so ? . • 

Jirs, S, Yes, it is one of the strongest poisons in nature. 

Emily, There is a poison called verdigris, which forms on brass 
and copper when not kept very clean ; and this I have heard, is an 
objection to these metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ? 

Mrs, B, It is produced by the intervention of oxygen, for verdi- 
gris, is a compound salt formed by the union of vmegar and cop- 
per ; it is a beautiful green colour, and much used in painting. 

Emily. But, I believe, verdigris is often formed on copper when 
no vinegar has been in contact with it. 

J\irs, B, Not real verdigris, but other salts, somewhat resembling 
it, may be produced by the action of other acids on copper. 

The solution of copper in* nitric acid, if evaporated, affords a salt 
which produces an effect on tin that will surprise you, and I have 
prepared some from the solution we made before, that I might show 
it to you. 1 shall first sprinkle some water on this piece of tin-foil, 
and then some of the salt. — Now observe that I fold it up suddenly, 
and press it into one Ipmp. 

- Caroline, What a prodigious vapour issues from it— and sparks 
of fire, I declare ! 

Mrs, B, 1 thought it would surprise you. The effect, however, 
I dare say you could account for, since it is merely' the .conseciuence 
of the oxygen of the salt rapidly entering into a closer combination 
wi^h the tin. 

There is also a beautiful green salt too curious to be omitted ; it 
is produced by the oombination of cobalt with muriatic acid, which 
has the singular property of forming what \s oaWe^'sympnthetic ink' 
Characters written wtih this solution are. invisible when cold, but 
when a gentle heat is applied, they assume a fine bluish green col- 
our. . 

Caroline, I think one might draw very curious landscapes with 
the assistance of this ink ; I would first make a water-colour draw- 



679. Why is not water caustic ? 

680. What is verdigris ? 

681 . What experiment is made with a piece of tin-foil and a solo- 
tion of copper in nitric aoic ? 

682. What is called sympathetic ink ? 

683. What are the peculiarities of t^s ink ? 



166 

in^ oi a winter scene, in which the trees would he leeflets, and the 
grass scarcely preen ; 1 woald then trace all the Terdare with the 
myiiihle ink, and whenever I choose to create spriof^, I shonld hold 
it before the fire, and its wamth would oorer the landscape with a 
rich Terdare. 

Jtfr«. B. That will be a verj amusing^ experiment, and I adrise 
yon by all means to try it. 

Before we part, I must introduce to your acquaintance the curi- 
oos metals which Sir H. Davy has recently discoTered. The histo- 

2 of these extraordinary hooies is yet sp much in its infancy that I 
all confine myself to a rery short account of them ; it is more 
important to point out to you the rast, and apparently inexhaustible 
field of research which has been thrown open to our view by Sir H. 
DaTy's memorable discoreries, than to enter into a minute account 
of Mirticular bodies or experiments. 

Caroline. But I hscre heard that these discoreries, howerer splen- 
did and extraordinary, are not rery likely to prore of any preat 
benefit to the worid, as they are rather objects of cariosity tloia of 



Mti. B. Sttoh may be the illiberal oondnsionB oi the iroorant 
and narrow-mioded ; but those who can duly estimate the sidTanta- 
ges of enlarjrinf the sphere of science, must be convinced that the 
acquisition 3t every new fact, however nmxmnectod it may at first 
appear with practical utility, must nltimalely prove beneficial to 
mankind. Bat these femarla are scarcely appucable to the pres- 
ent subject ; for some of the new metals have ailready proved emin- 
ently useful as chemical agents, and are likely soon to be employed 
in the arts. Fbr the enumerati<Mi of these metals, I nrast refer you 
to our list of simple bodies ; they are derived from the alkalies, the 
earths, and three of the acids, sJl of which had been hitherto con- 
sidered as undecompoundable, or simple bodies* 

When Sir H. Davjr first turned his attention to the elfeoU of the 
YoXtaic battery, he tried its power on a variety of compound bodies, 
and gradually brought to light a number of new and interesting 
/acts, which led the way to more important discoveries. It would 
be highly interesting to trace his steps in this new department of 
science, but it would lead us too far from our principal object. A 
general view of his most remarkable discoveries is all that 1 can aim 
mt, or that you could, at present, understand. 

The facili^ with which compound bodies yielded to the Voltaic 
electricity, induced him to make a trial of its eliects on substances 
hitherto considered as simple, but which ho suspected of being com- 
pound, and lus r esear ches were soon crowned with the most com- 
plete success. 

The body which he first submitted to the Voltaic battery, and 
which had neveryet been decomposed, was one of the fixed alkalies 
called potash. This substance gave out an elastie fluid at the pos- 
itiye wire, whieh was ascertained to be oxygen, and at the negative 
wire, small globules of a very high meUllic lustre, very similar in 



684. What induced Sir H. Davy to try the efiects of the Voltaic 
battery on substances till then considered simple ' 

685. What was the first substance which he submitted to the 
Yoltaw battery? 

686. What was the effect ? 
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ftppearaDce to meroury ; thus proTiogp that potash, which had hith- 
erto heen oonaidered as a simple incombustiUe body, was in fact, 
a noetallic oxyd ; and that its incombustibility proceeded from its 
beings already combined with oxyeen. ) 

Emily, I suppose the wires used in (iiis experiment were of plati- 
oa, as they were when you decomposed water ; for ii of iron, the 
oxygen would baye been combined with the wire, instead of appear- 
ing in the form of gas. 

•/Ifr«. B* Certainly ; the metal howeyer, would equally hare 
been disengaged. Sir H. Dayy has distinguished this new substance 
by the name of potassium, which is deriyed from that of the alkali, 
from which it is procured. I haye some small pieces of it in this 

Ehial, bat yon haye already seen it, as it is the metal which we 
urnt in contact with sulphur. 

Emily. What is the liquid in which you keep it ? 

Jtfrt. jB. It is naptha, a bituminous liquid, with which I shall 
hereafter make you acquainted. It is almost the only fluid in which 
potassium can be preseryed, as it contains no oxygen, and this 
metal has so poweriul an attraction for oxygen, that it will not only 
absorb it from the air, bat likewise from water, or any body what- 
eyer, that contains it 

Uifit/y. I'his, then, is one of the bodies that oxydates spontane- 
ously without the application of heat> 

•Afr«. B. Tes : and it has this remarkable peculiarity, that it at* 
tracts oxygen much more rapidly from water than from air : so that 
when thrown into water, howeyer cold, it actually bursts into flame. 
I shall now throw a small piece, about the^ize of a pin's head, oo 
this drop of water. 

Caroline. It instantaneously exploded, producing a little flasli of 
light! This is, indeed, a most curious substance ! 

Jlfr<. B. By its combustion it is re-conyerted into potash ; and 
as potash is now decidedly a compound body, I shall not enter into 
any of its properties till we haye completed our reyiew of the sim- 
ple bodies ; but we may here make a few obserrations on ita basis, 
potassium. If this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement of heat, but 
without any flash of light 

Emily. But is it not yery singular that it sbeuld bum better in 
water than in air? 

Caroline. I do not think so ; for if the attractioD of potanium 
for oxygen is sostronj^ ,that it finds no more difltonlty in separatin|^ 
it from the hydrogen in water, than in absorbing it from the air, it 
inll no doubt, be more amply and. rapidly supplied by water than 
by air. 

•Vr#. B. That cannot, bowerer, be precisdy the reason, for when 

potassium is introduced nnder water, without contact of air, the 

-combustion is not so rapid, and, indeed, in that c»8e there is no lu- 

ninous appearance ; but a yiofent action takes place, mach beat 

is excited, the potash is regenerated and hydrogen gas is eyolyed. 

687. What did this proye? 

688. What is this new substance called? 

689. What fluid contains no oxygen ? 

690. What remarkable peculiarity has potastiam? 

691. How may potassium be recomposed ? 

692. What wul be the result if potassium is put under water 
without being in contact with air? 
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Potagsium is so emiDently combustible, tbat instead of requiring^, 
like other metals, an eleyation of temperature, it will burn rap- 
idly in contact with water, even below the freezing* point. This you 
may witness by throwing a piece on this lunp of ice. 

Caroline. It again exploded with flame, and has made a deep 
hole in the ice. 

Jdrt. B. This hole contains a solution of potash : for the alkali 
being extremely soluble, disappears in the water the instant it is 
produced. Its presence, however, may be easil)r ascertained, alka- 
lies having the properties of changing paper, stained with turmeric, 
to a red colour; if you dip one end of this slip of paper into the 
hole in the ice, you will see it change colour ; and the same, if you 
wet it with the drop of water in which the first piece of potassium 
was burnt. 

Caroline, It has indeed changed the paper from yellow to red. 

Jlrs. B, This metal will bum likewise, in carbonic acid gas, a 
gas that has always been supposed incapable of supporting combus- 
tion, as we were unacquainted with any substance that had a gpreat- 
er attraction for oxygen than carbon. Potassium, however, readi- 
ly decomposes this gas by absorbing its oxygen, as I shall show yoo. 
This retort is fiU^ with carbonic aotd gas. I will put a small 
piece, of potassium in it ; but for this combustion a slight elevation 
of temperature is required, for which purpose I shall hold the retort 
over the lamp. 

Caroline. Now it has taken fire and burns with violence ! It has 
burst the retort. 

Mrs. B. Here is a piece of regenerated potash ; can you tell me 
why it has become so black ? 

&mUy. No doubt it is blackened by the carbon, which, when its 
oxygen entered into combination with the potassium, was deposited 
on it surface. 

Mn. B, Tou are right. This metal is perfectly fluid at the tem- 
perature of one hundred degrees ; at fifty degrees it is s^id, but 
soft attd malleable ; at thirty-two degrees it is hard sind brittle, and 
its fracture exhibitsan appearance of confused crystallization. It 
is scarcely more than half as heavy as water ; its specific gravity be- 
ing about six, when water is reckoned at ten ; so that this metal is 
actually lighter than any known fluid, even than ether. 

Potassium combines with sulphur and phosphorus, forming sal- 
pburets and phosphorets ; it likewise forms alloys with severalmet* 
als, and amalgamates with mercury. 

Emiiy, But can a sufficie^it quantity of potassium be obUined, by 
means of the Voltaic battery, to admit of all its properties and rela- 
tions to other bodies, being satisfactorily ascertained ? 

Jir». B. Not eafeiTv ; but I must not neglect to inform you that a 
method of obtaining tnis metal in considerable quantities, has since 
been discovered* Two eminent French chemists, Thenard and 
Gay Lussac, stimulated by the triumph which Sir H.Davy hadob- 



693. At how low a temperature will potassium bum in contact 
with water ? 

694. Why, until the discovery of potassium, had carbonic acid- 
gas been considered incapable of supporting combustion? 

695. How does potassium decompose this gas? 

696. What metal is lighter than any known fluid? 
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Uined, attempted to teparate potassiom from its combination with 
oxygen, by common chemical means, and witUout the aid of elec- ■ 
tricily* Theyxaused red-hot potash in a state of fusion, to filter 
through iron turiiing^ ia an iron tube, heated to whiteness. Their 
experiment wjas. crowned with the most complete success; more 
potassium was obtained by a single operation, than could have been 
collected ip i»ai>y .weeJss by tl^ most diligent use of the Voltaio 
battery. • 

Emily. 4ii -this experiment,^! suppose the oxygen quitted itscona.-/. 
bination with the potassium, to unite with the iron turning's P 

Mr9.,B> £x9C(ly «o; and thus the potassium was obtaiiMMl in its 
simple state. From that time it has become a most convenient and 
^powerful iostrjimeot of deoxygenation in ctiemical experiments. — 
This irnportant improvement, engrafted on SirH. Davy's previous 
discoveries, served but to add to his glory, since the (acts which be 
bad established, when possessed only of a few atorfis of this curious 
substance, .and the accuracy of his analvtical statements were all 
confirmed, when an opportunity occurred of repeating his experi- 
ments upon this substance, which can now be obtained in unlimited 
quantities. 

Caroline. What a. satisfaction SirH. Davy must have <felt, wb^n 
by an effort of genius, he succeeded in bringing to light, and actually, 
giving existence to these curious bodies, which without him might 
perhaps have ever remained concealed from our view ? 

Mra. B. The next substance which Sir H. Davy submitted to the 
influence of ihe.Voitaic battery, was Sodn^ the other fixed alkali, 
which yielded to4be same powers of decomposition ; from this alkali, 
too, a metallic substance was obtained, very analogous in its proper- 
ties to that which had been discovered in potash ; Sir H. Davy has. 
called it sodium. It is rather heavier than potassium, though con-* 
siderably lighter than water ;. it is not so easily fusible as potassium. 

Encouraged by these extraordinary results. Sir H- Davy next 

C»rfbrmed a series of beautiful experiments on •^mnwnta, or the vo- 
tile alkali, which, from analog} , he was led to suspect mjgbt aUo 
eontaiD oxygen. This be soon ascertained tobet6&*fact,but be 
has not yet succeeded in obtaining the basis of ammonia in a sepa- 
rate state ; it is from analogy, and from the power which the volatile 
alkali has, in its gaseous rorm, to pxydate iron, and also from the 
amalgams which can be obtained from, ammonia by various process- 
es, that the proofs of alkali being also a metallic ox yd are deduced. 

Thus, then, the three alkalies, two .of which had always been con- 
sidered as simple bodies, have now lost all claim to that title, and I 
bare accordingly classed . the .alkalies amongst the compounds, 
whose properties I shall treat. of in a future conversation. 

Emily. What are the other newly discovered metals which you 
.have alluded to in yqurJist of simple'bodies ? 

_ ^ .^ -^ 

697. How may pptassium be obtained in lar]gfe quantities .' 

698. In the experiment for obtaining potassium, why did the qia* 
ygen quit that JMlhstance } 

699. What was the next substance submitted to the inflt^j^pce of 
the Voltaic battery ? 

;7QQ. What was the effect ? 

'^701. What is the substance produced by the deoompositioD of 
jBodacalled? 

15 
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Mn. B. They an the metals of the earth, which beoame next the 
object of Sir H. Dary '8 researches ; these bodies had De?er jet been 
decomposed, thoagh they were strongrly suspected, not only of being 
compoaods, bat of being metallic ozyds. From the circumstance 
of their incombustibility, it was conjectured, with come plausibiUtyf 
that they might possibly be bodies that had been already hnnit 

Caroline. And metals, when oxydated, become, to all appear- 
ance, a kind of earthy substance. 

Mr$. B. They have, besides, several features of resemblance with 
metallic oxyds ; Sir H. Dayy had, therefore, great reason to be 
sanguine in his expectations of decomposing them, aad he was not 
disappointed. He could not, however, succeed in obtaining the ba- 
sis of the earths in a pure separate stale ; but metallic alloys were 
formed with other metals, which sufficiently peoTed the existence 
of the metallic basis of the earths. 

The last class of new metallic bodies which Sir H. Dary discov- 
ered, was obtained fram the three undecompounded acids, the bora- 
cic, the fluoric, and the muriatic acids ; but as you are entirely ud^ 
acquainted with these bodies, I shall reserve tlie account of their 
decomposition, till we come to treat of their properties as acids. 

Thus in the course of two years, by the unparalleled exertions of 
a single individual,, chemical science- has assumed a new aspect.— 
Bodies have been brought to Ug^twhieh the human eye never be- 
fore beheld, and which might have remained eternally concealed 
under their impenetrable disguise* 

It is impossible/ <at the present period, to appreciate, to their foil 
extent, the consequences which science or the arts may derive froofi 
these diseoveriea ; we may, however^ anticipate the most importaJtt 
results. 

In chemical analysis, we are now in possession of more eoeiiget- 
ic agents of decompositicm than were ever before known. 

In gecAo(|[y, new views are opened, which -will probably operate m 
revolution m that obscure and difficult science. It is already prov- 
ed that all the earths, and, in fact, the solid surface of this globe, 
are metallic bodies mineralized by oxygen, and as onr planet has 
been^salculated to be considerably more dense open the whole than 
it iseo ihe surface, it is more reftsonable to suppose that the interi- 
or of ;^e earth is composed of a metallic mass, the surface of whidi 
only has been mineralized by the atmosphere. 

The eruptions^ volcanoes, those stupendous problems of nature, 
admit now of an easy explanation.'*' For if the bow sis of the eartii 
are the grand reeess of these newly discovered inflammable bodiet, 
whenever water penetrates into them, combustions and explosions 



* It isvalways easy to form a theory. But an explanation of these 
<< stupendous problems of 'nature';^ we believe has not yet been de- 
monstrated to the satisfoction of all, thoigh gpreat learning and im- 

702. What peculiarities have tha^iew metsls, discovered by Sir 
H. Davv ? 

703. What reason had Sir fi. iDavy- for supposing the metals 
might be decomposed ? 

704. Whst are earths supposed to be ? 

705. What is supposed .to form the principal. interior part of .^OMr 
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must tak<3 place ; aad it is remarkable that the lava which is thrown 
oat, is the very kind of substance which might be expected to re- 
sult from these combustions. 

t'mast BOW taiite my I<Ba?e of you ; we haye had a very long con- 
t^rsatioD to-day, and I hope you will be able to recollect what you 
have learnt. At our next interview, we shall enter on a new sub- 
ject. 



CONTBR8ATION XIII. 

ON THE ATTBACTION OB COMPOSITION. 

Jfifri. B' Having completed our examination of the simple or el- 
ementary bodies, we are now to procee J to those of a compound 
nature ; but, before we enter aa this extensiTc subject, it will be 
necessary to make jou acquainted with the principal laws by which 
chemical combinations are governed. 

Tou recollect, I hope, what we formerly said of the nature of the 
aettraction of composition, or chemical attraction, or affinity, as it 
is also called. 

Emily. Yes, I think, perfectly ; it is the attraction that subsists 
between bodies of a different nature, which occasions them to com- 
bine and form a compound, when they come in contact ; and, ac- 
cording to Sir H. Davy's opinion, this effect is produced by the , 
attraction of the opposite electricities, which prevailed in bodies of 
different kinds. 

Mrt, B. Very well ; your definition comprehends the first law 
of chemicalmttraction, which is, ih^X it takes place only between hod- 
u»9f a differeni nature ; as, for instance, between an acid and an 
alkali ; between oxygen and a metal, &c. 

Caroline. That we understand of course ; for the attraction be-> 
tween particles of a similar nature is that of aggregatiod, or cohe- 
sion, which is independent of any chemical power. 

Jtfrff. B. The second law of chemical attraction, is, that it take$ 
place only between the most minute particles of Bodies ; therefore, the 

mense labor has been bestowed on the subject. If the ** easy ex- 
planation'* is founded on the data here proposed, viz. that the solid 
surface of our g^be consists of nothing'except metals and oxygen, 
such a theory in the present state of knowledge, must chiefly con- 
sist of supposition piled on supposition ; there being as yet no proof 
that the crust of the earth is formed only of these two elemepts.— 
C. 



706. How are volcanoes accounted for ? 

707. What do you understand by the attraction of composition ? 
706. What cause does Sir H. Davy assign for the attraction be- 
tween bodies of a different nature ? 

709. What is the first law of chemical attraction ? 

710. What is the attraction between particles df a similar nv 
ture called ? 

711. What the second law of chemical attraction X 



/ 
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more yoa divide the particles of the bodies to be combifted, tbe 
more readily they aitt upon each other. 

Caroline, That is again acircumstande which we might have id- 
/erred ; for the finer the particles of the two substances are, tbe 
more easily and perfect!;^ they will come in contact with each other, 
which must greatly facilitate their union. It was for this purpose, 
you said, that you used iron filings, in preference to wires or pieces 
of iron, for the decomposition of water. 

Mrs, B, It was once supposed that no mechanical power coakl 
divide bodies into particles sufficiently minute for them to act on 
each other ; and that, in order to produce the extreme division re- 
quisite for a chemical action, one, if not both of the bodies, should 
be in a fluid state. There are, however; a few instances in which 
two solid bodies, very finely pulverized, exert a chemical action on 
one another;"" but such exceptions to the general rule are very 
rare indeed. 

Emily. In^allthe combinations that we have hitherto seen, one 
of theconMituents has, I believe, been cither liquid or aeriform. — 
Id combtistion, for instance, the oxygen is taken from the atmos- 
phere, in which it existed in a state of sras ; and whenever we 
have se^n' acids combine with metals or with alkalies, they were 
either in a liquid or an aeriform state. 

Mrs, B. The third law of chemical attraction is, that it can take 
place between tWcr^ three. Jour ^ orevm a greater numher of bodiei. 

Caroline, Oxydsand acids are bodies composed of two constita- 
ents, but 1 recollect no instance' of the combination of a greater 
number of principles. 

Mrs. B. The compound salts, ibrnnckl by the union of the met- 
als with acids, are composed of tdree principles. And there are 
salts formed by the combination of the alleles with the earths 
which are of a similar description. / • 

Caroline. Are they of th6 same kind as the metallic salts ? 

Mrs. B. Tes ; they are very analogous in their nature, although 
different in many of theif* properties. 

* A m^ctliOdical nomenclature, similar to that of the acids, has been 
adopted for the compound salts. Each individual salt derives its 
name from its constituent parts, so that every name implies m 
knowledge of the composition of the salt. 

The three alkalies, the alkaline earths, and the metals, are called 
saHJiahlebas>i or radicals, and the acids, snlifying principles. The 
name of eadh salt is composed both of that of the acid and the salifi- 
able base ; and ittei^ninates in at or i/ according to the degree of the 
ozyeenation of the acid. Thus, fbr instance, all those salts which 
4ire formed by th6 combination of the sulphuric acid with any of the 
salifiable bases, are called sulphats, and the name of the radical is 



*Thi8 is tbe case with muriate of ammonia and quick lime. — C. 

712. What is necessary in order that chemical action take place 
between different bodies ? 

713. What tbe third law of chemical attraction .> 

714. How are compound salts formed ? 

71 >, What are called salifiable bases or radicals f 

716. What are called salifying principles ? 

717. How do salts ending m aU differ from those ending in «fo i 



adMt Ibrthe speoifie distinetloii of the talt ; if it bepotasl^ it will 
compote ft mlpiai of poktth ; if ammooia, mUphai qfammomai kc* 

Emify. The crjsUls which we obtaioedfroni the combinatioii of 
iron aod sulphunc acid were therefore §yiphai of iron* 

Mrs. B, Precisely ; and thote which we prepared by disBolring 
copper ia nitric acidt ftifrof of topper^ and lo on. Bat this is not 
all ; if the salt be formed bj that class of acids which end in ou#» 
(which yon know indicates a less degnree of oxygenation) the termi- 
nation of the name of the salt will be in iV, as ndphUifpotaMht nU^ 
pkU of ammofiMr, &c. 

Emily. There must bean immense nomber of compound salts» 
since tltere is so great a rariety of salifiable radicals, as well as of 
salif^ng principfes. 

Jnrt. B. Their real number cannot be ascertained^ since it in* 
creases every day. But we must not proceed further in the inTCsti- 
gation of the compoand salts, until we hare completed the exami- 
nation of the nature of the ingredients of which ther are composed* 

The fourth law of chemical attraction is, thtX a changBrftetn^^r^ 
aiure oiwayM taket place at tke moment of com6tiuilion. This arisen 
from the extrication of the two electricities in the form of caiorif^v 
which always occurs when bodies unite ; and also sometimes is^ 
part from a change of capacity in the bodies for heat, which alwaya 
takes place when the combination is attended with an increase of 
density, but more especially when the compound passes from the li-, 
quid to the solid form. I shall now show you a striking instance of 
a cban|^e of temperature from chemical union, merely by pourinj^ 
some nitrous acid on this small quantity of oil of turpentine, the oil 
will instantly combine with the oxygen of tiie acid, and produce a 
considerable diange of temperature. 

Caroline. What a blase ! The temperature of the oil and the 
acid roust be greatly raisiBd, indeed, to procure such a riolent com* 
bustion. 

JUrt, B. There is, howeTcr, a peculiarity in this combo8tiQD» 
which is, that the oxygen, instead of being mired from the atmot* 
phertc air alone, is principally supplied by the acid itself. 

Emify. And are not all combustions instances of the change of 
temperature produced by the chemical combination of two bodies? 

JUn, B. Undoubtedly ; when ox]^gen loses its gaseoos form, im> 
order to combine with a solid body, it becomes comlensed, and the 
caloric evolved produces the elevation of temperature. The spe- 
cific i^ravity of bodies is at the same time- altered by chemical com- 
bination ; for Id consequence of a change of capacity lor heat, a. 
change of density Aiust be produced. 

Caroline. That was the case with the sulphnric ecid a|id water» 
which, by being mixed together^ gave out a grpat deal of heat, 
and increased in density. 



718. How do acids ending inse dilfer from those ending !■ out f 

719. What is the fourth law of chemical attraction f 
790. From what does the change of temperature arise ? 

721. What is an instance of increase of temperatore from chem- 
ical union ? 

722. Is the specific gravity of bodies affected by chemical com. 
kiaatioiif 

15* 
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Mrt. B. The fifth lavr of chemical attraction is, that the prcgpir- 
tfeff which characterize bodiee, ^ohen etparaU^ are aitered or dettrof^ 
ed by their combination, 

Caroline. Certainly ; what, for instance, can be so different from 
wat^r, as the hydrogen and oxygen gases ? 

EnUly, Or what nKfr6 unlike snlphat of iron, than iron or aol- 
phoric VLcid H 

Mr», B. CJrery chemical combination is an iUnstration of this 
role. Bot let as proceed-^ . 
/ The sixth law is, tliat iheforct efchemicnl affinity between the ren- 
^ dttuente of a bodifi ie etUmated by that which ie required /or their 
a^fMtraiion. , This force is not always proportional to the facility 
with which bodies unite ; for manganese, for instance, which you 
know, is so mnch disposed to unite with oxygen, that it is nerer 
found in a metallic state, yields it more easiljr than any other metaL 

Emi^. But, Mrs. B.,you speak of estimating the force of attract 
tion between bodies, by the force required to separate iiem ; bow 
can you measure these forces'? 

Jtfrf. B* They cannot be precisely meaetired^ but they are com* 
paratiToly ascertained by experiment, and can be represented by 
numbers which express, at least by approximation, the relatiTe de« 
fveet of attraction. 

The seventh law is, that bodice have amongti Uienuelvei different de- 
: greet tjf aUrattion. - Upon this law, (which you may have discorer* 
ed yourselves, long since,} the whole science of chemistry depends^ 
for It is bymeans of the various degrees of affinity wbich bodies 
have for each other, that all the chemical compositions and deconn 
positions are effected. . Every chemical fact or experiment is an 
instance of the same kind : and whenever the de<M>mpo8ition of a 
body is performed by the addition of any single new substance, it is 
saidto be effected by eimpie eUctiee attraetiont. But it often happens 
that no simple substance will decompose a body, and that, in order 
to effect this, you roust offer to the compound a bod v which is itself 
' oomposed of two, or sometimes three principles, which woukt not», 
each separately, perform the decomposition. In this case there are 
two new Compounds formed in consequence of a reciprocal decom- 
position and recomposition. All instances of this kind are Called 
deMe electee attraetione* 

Carokne, I confess I do not understand this cleariy. 

JIfrt. Jl. You will easiljr comprehend it, by the assistance of tbia 
diagmln, ill which the reciprocal forces of attraction are represtat- 
ed by Dtfmbcin : 



TfS. What is the fifth law of chemical attraction ? 

7f 4. What ift the sixth law of chemical attraction ? 

725. What is the seventh law of chemical attraction ? 

T96. Uwm what does the whole science of chemistry depend 

7f7. What is a simple elective attraction ? 

7184 Wfattii a dmible elective attractioiif 
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Or^fio/ Compottfui. 
titrate of Lime. 

We here suppose that we are to decompose sulphat of soda ; that 
Ss, to separate the acid from the alkali ; if for this purpose, we add' 
some lime, in order to make it combine with the acid, we shall fail 
in our attempt, because the soda and the sulphuric acid attract each 
other by a force which is superior, and, (bjr way of supposition) is 
represented by the number 8 ; while the lime tends to unite with 
this acid by an affinity equal only to the number 6. It is plain, 
therefore, that the sulphat of soda will not be decomposed, since a 
force eoual to 8 cannot be overcome by a force e^ual only to 6. 

Caroline, So far, this appears ?ery clear. 

•Afr#. B. If on the other hand we endeavour to decompose thie 
salt bT nitric acid, which tends to combine with soda, we shall be 
equally unsuccessful, as nitric acid tends to unite with the alkali by 
a force equal only to 7. 

In neither of these cases of simple eleCtire attraction, therefore, 
can we accomplish our purpose. But let us previoHsly combine 
together the lime and nitric acid^ so as to form a nitrate of lime, m 
compound salt, the constituents of which are united by a power 
equal to 4. If then we pr^lseot tbis compound to the sulphat of so* 
da, a decomposition will ensue, because the sum of the forces which 
tend to preserve the two salts in their actual state, is not equal to 
that of the forces which tend to decompose them, and to tbrm new 
combinations, 'hie liilric acid, theraore, wiU combine with the 
soda, and the sulphuric acid witn the lime.* 

* Suppose we say thUs. The sulphuric acid attracts ioda with m 
etronger force than it does Itme, and soda has a stronger affinity for 
mi^kurie add than it has for nUrieaeid, It is plain then, that nei* 
tber lime nor nitric acid alone will decompose the sulphat of soda. 
2f ew if we unite the nitric acid and lime, we form nUnae of 



^m^ 



tC9. What is represented in the diagram f 

99>» Whmt UMud in the note <if the wX^ect^thU diagram f 
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Oaroitfie. I aodentaiid jmu now ▼•vy well. This double effect 
tekes pUce because the nvmbera 8 avd 4, which represent the de* 
^rees of attractioo of the coostitveots of the two oriipDal salts, make 
a sum less than the nmnbers 7 and 6, which represent the decrees 
of attraction of the two new conpoaods that will in oonseqaenca 
be formed. 
JUrt. B. Precisely so. ^ 

Caroline. But what is the meaning^ of qmtteeni and dioellent for- 
ces, which are written in the diagram ? 

Jir»* B. Quiescent forces ere those which tend to preserve com- 
pounds in a state of rest, or such as they actually are ; di?ellent 
s rorces, those which tend to destroy that state of combination, and 
/ to form new compounds. 

These are the principal circumstances relatire to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
ern chemists : a few others mig^ht be mentioned respecting the 
same theory, but of less importance, and such as would take us too 
far fh>m our plan, t should however, not omit to mention that Mr. 
/ Bertbdlet, a celebrated French chemist, has questioned the uni- 
V form operation of electire attraction, and has advanced the opinion 
j that, in chemical combinations, the change which take place and 
^. the proportions in which bodies combine, depend not only upon the 
[ afioities, but, also, in some deme, on the respective qualities of 
the substances concerned, on Uie heat applied during the process, 
and some other circumstances. 

Caro/tne. In that case, I suppose, there would hardly be two 
- compounds exactly similar, ttiooffh composed of the same materials ? 
JHrt. B. On the contrary it is found that a remsrkable uniformity 
prevails, as to proportions, between the ingredients of bodies of 
similar composition. Thus water, as you may recollect to have 
seen in a former conversation, is <iomposed of two rolumes of hy- 
drogen gas to one of oxygen, aiid this is always found to be precise-' 
ly the proportion of its constituents, from whatever source the wa- 
ter be derived. The same uniformity prevails with regard to the 
▼anoos salts ; the acid and alkali, in eacn kind of salt, being always 
feuiid to combine in the same [proportions. Sometimes, it is true, 
the same acid, and the same alkah are capable of making two dia- 
tiact kinds of salts i but in all these cases it is found that one of the 
aaks contains just twice, or in some instances, thrice as much acid, 
or alkali, as the othev.* 



But the nitric acid has not so Strang an affinity for the lime as ithas 
for soda. On mixing the two salts in solution therefore, the nitric 
acid quits the lime, and combines with the soda. This leaves the 
solphuric acid and the lime free and unoombined ; they then unite 
and form sulphat of lime.— C. 

* Thestudent already understands, that in chemical combinations 
the union takes place only between the particles, or atoms, of sub- 



731. What are quiescent forces ? 
73S. What are diyellent forces ? 

733. What was the opinkm of BerthoUet upon ohemioal comM- 
natioQB ? 

734. What remarkable uniformity is found to exist in chemical 
oombioations ? 
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Bmify. If the proportions ia which bodies combine are so con- 
stant and so well defined, how can Mr. Bertliollet's remark be re* 
conciled with this imtform system of combination ? 

Mrs, B, Great as that philosopher's authority is in chemistry, it 
is DOW generally supposed that his doubts on this subject were, in ft 
^reat degrees, g^roiindless ; and that the excepti<ins he has observed 
in the laws of definite proportions, have been only apparent^ -Mid 
may be accounted for consistently with those laws. 

Emily. I tliinic I now understand this law of de6nite propdrtioDs 
very well, so i-dr as it regards the gases, such as oxygen and h^ro- 
gen, in theinsiance you have just mentioned : but in the case of 
acids and alkalies, when the bodies are either liquid or solid, I do 
not conceive how their bulks or volumes can be measnred in order 
to ascertain (he proportion in which they combine. 

Jtfr«. B. Your question is quite in point ; the fact is, that the law 
of combination by vtiuine^ does not prevail in regard to liquids and 
solids. In these, iVe must leave the circumstance of bulk entirely 
out of consideration. It is to their lof fg^/ that, we must attend, in 
determining the proportions in which (hey combine ; and, according- 
ly, if we take the combining substances in a sfa(e of perfecf purity, 
and ascertain with great accuracy, once for all, the proportions by 
weight, in which (hey unite, we shall find that in every other instance 
in which these substances have an opportunity of combining, they 
will unite in the same proportions, and in no other — unless it be in 
such proportions that one of the bodies shall be, in weight, exactly 
doable, triple, or quadruple what it was in the former combination. 

stances. These atoms, it is supposed, are indivisihle,'being the ul- 
tlma(e particles of which bodiea are composed. In chemical com- 
binations, then, where substances are capable of uniting in only one 
proportion, this must be atom to atom'. Thus oxygen and hydrogeii 
unite only in the proportions of MX) of the former to 760 of the Tat- 
ter by weight. Here an atom of oxygen unites to an atom of hy- 
drogen to' form- water ; hut the atoms of oxygen are seven and an 
halftim^ heavier than (hose of hydrogen. 

When substances nnite in several proportions, the second and 
third are. always multiples of the first. Thus 100 parts of manga- 
nese will unite to 14, 98, 42, or 56 of oxygen, but not with any in- 
termediate quantity, as with 12, 20, 60, &c. This law of definite 
proportions, so far as is known, holds good, where the resulting 
compound differs widely from eilher of the substances of which it 
is composed, as in the sails, compound minerals, Spc. The theory 
of definite proportions is explained bv supposing that a substance 
which we shall call A., unites with another substance, B., atom^ to 
atom, and that ihis forhis a certain compound. When they unite in 
the second proportion, two atoms of B. unite to one of A., and tbia 
forms another compound, and so on, until the atoms of A. can unite 
to no more of B. — C. 



735. In what proportions do oxygen and hydrogen nnite to form 

water ? 

736. How much heavier is oxygen than hydrogen ^ 

737- When acids and alkalies unite in several proportfona, what 
rdatioo do these proportions bear to each other? 
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Goroime. This requires a g^ooddeal of attentioa to be well on- 
derstood ; and I shoitfld like to have it illustrated by some particu- 
lar examples of these different combinations. 

JIfn. B. Nothings easier than to satisfy you in this respect. For 
instance, with reg^ard to bnlk, nitrogen gas is capable of oombiniD|g 
with oxygen gas, in different proportions ; thus, one volume of ni« 
trogeo, by combining with one volume of oxygen, forms the sab* 
stance called nitrous gas ; with two volumes of oxygfen, it forms 
nitrous acid gas, &c. And with regard to solids and liquids, the 
proportions of which are estimated by weighty I may mention, as 
an example, the case of the salt called sulpbat of potash, in which 
a given weight of potash may combine with two different propor- 
tions of sulphuric acid ; but the quantity of acid in one case isex- 
actlv double what it is in the other. 

Emily. And pray whal'clan be the caase of this singular udifi»r- 
mity in the law of combination ? 

Mrt. B. Philosophers have not been able to give us any decisive 
information upon this point ; but they have attempted to explain it 
in the following manner : since chemical combination takes place* 
between the most minute particles of bodies, may we not suppose 
that the smallest particles or portions in which bodies combine, (and' 
which we may call chemical a^mu,) are capable of uniting together 
one to one, or sometimes one to two, or one to three, &c., but that 
they caniy)t combine in any intermediate proportion. 

Jsmily. But if an atom wa? broken into two, an intermediate com- 
bination would be obtained ? 

Mrs. B. Yes ;' but the nature of the atom is incompatible with 
the idea of any farther division ; since the chemical atom is the 
smallest quantity which chemistrjr can obtain, and such as no me- 
chanic meaus can possibly subdivide. 

Caroline. And pray, what is the use of all this doctrine of defi- 
nite proportions ? 

Mrt. B, It is very coitoiderable ; for it enables chemists to form 
tables, by which they can see at one glance the composition of tXk 
the bodies which have been accurately analyzed, and ascertain in 
an instant what quantity of one body will be necessary to decom- 
pose a certain quantity of another ; and, in general, such tables 
serve to present, in one view, the result of any chemical decompo^ 
sition, and the quantities of the new compounds formed ; by which 
means, a considerable saving of labor is gained, either in enabling 
ns to calculate beforehand the results of any manufacturing opera-> 
lions ; or in estimating those obtained in analytical processes. But 
I perceive the subject is becoming rather too intricate for us. We 
must not run the risk of entering into difficulties which might con- 
cise your ideas, and throw more obscurity than interest upon thia 
abstruse part of the philosophy of chemistry.* 



* This would have been the proper place for mentioning Dr. 
WoUastoo^s scale of chemical equivalents; but the subject has been 
thought to imply some considerations not sufficiently elementary for 
the purpose of this book. It may, however, be just mentioned, that 
the principal object of this scale is to give a tabular view of the' 
proportions in which the several acids and bases combine in forming 
their respective salts, and likewise to indicate the equivalent com- 
pounds whieh resuk from their decomposition^ I'he great utility of 
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CaroUne, Pray, Mn. B., can jou decompose a salt by meant of 
.^ectricity, in the same way as we decompose water ? 

Mn. B. Undoubtedly : and 1 am glad this question occarred to 
yoa, because it gires me an opportunity of showing you some rery 
interesting experiments on the subject. 

If we dissolve a quantity, however small, of any salt in a glass of 

water, and if we plung^-intait the extremities of the wires, which 

proceed from the two ends of the Voltaic battery, the salt will be 

'gradually decomposed, the acid being attracted by the positire, and 

the alkali by the negative wire. 

EmUy. But how can you render that decomposition perceptible ^ 

J^rt. B. By placing in contact with the extremities of each wire, 

in the solution, pieces of paper stained with certain vegetable co- 

: lours, which are altered by the contact of an acid or an alkali 

Thus this blue vegetable preparation called litmus, becomes red 

r when touched by an acid ; and the juice of violets becomes green 

by the contact of an alkaJli. 

But the experiment can be made in a much moredisjtinct manner, 
by receiving the extremities of the wires into different vessels, so 
rthat the alkali shall appear in one vessel, and the acid in the other. 
Caroline* But then the Voltaic circle will not be completed ; 
bow can the effect be produced ? 

Mrs. B, You are rif^ht ; I ought to have added that the two ves- 
. eels must be connected together by some interposed substance, capa- 
;-ble of conducting electricitv. A piece of moistened cottcMi wick an- 
^.fwers this purpose very wea. Yon see that the cotton baa one end 

^Pig.3j. 




•f Ch«minl<4«eompotitioa bftha Voluia.BiMuT. 

''immersed in one glass, andftbe^other endin the other, so as to estab* 
■4ish a communication betw^n any fluids contained in them. We 

this scale, and the peooliar- properties which Jt possesses, though not 
^ery easily described^ may be readily understood on inspecting the 
instrament, which should be in the hands of every chemical student. 



m m ip . i" 



;1W. Can a salt be decomposed by means of electrieity f 
7^. When a salt is decomposed by Galvanism, at whiqb polo 
ir^oes the acid appear ? 
'A4^ How would you explain Fig. 81 ? 
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shall now put into each of the g^lasses a little glanber salt, or snlphat 
of soda, (whicli consists of an acid and alkaM,) and then we shall 
fill the glasses with water, which will dissolve the salt. Let us now 
connect the glasses by means of the wires, (e. d;) with the two ends 
of the battery, thus .... 

Carolint* The wires are already {rising out small bubbles : is this 
owing to the decomposition of the salt ? 

JIfrt. B, No : these are bubbles produced by the decomposition 
of the^water, as you saw in the former experiment. In order to 
render the separation of the acid from the alkali, visible, 1 pour into 
the glass (a) which is connected with the positive wire, a few drops 
of a solution of litmus, which the least qi>antity of acid turns red ; 
and into the other glass, (h) which is connected with the negative 
wiref'^l poor a few drops of the juioe of violets .... 

Emily, The blue solution -is already turning red all round the 
wire. 

Caroline, And the violet solution is beginning to turn gTeen« 
This is indeed very singular t 

Jtfrf. B. You will be still more astonished when we vary the ex^ 
pertroent in this manner. — These three glasses (f, g, b,) are, as ia 

the former instance, 
connected together by 
wetted cotton, but the 
.middle 'one alone con- 
tains a saline solution, 
the two others contain- 
ing only distilled water, 
coloured as before by 
vegetable infusions.— 

rj^ the alkali will appear in the negative glass, (h,) and the acid in 
the positive glass (f,) thongb neither of them contained any mlina 
matter. 
^^^Smify. So that the acid and alkali must be conveyed right and ' 
nft from the central glass, into the other glasses, by means of the 
.connecting moistened cotton ? 

Mn,B, Exactly so ; and you may render the experiment stUl 
.more striking by potting into the central glass (k,) an alkaline soln* 

Fig. 33. tion, the glaober salt be- 

^ -j^ ^^^ i ^ ■ ing plac^ into the ne- 

'gative glass, .(I) and ttie 
positive glass, (i) con- 
taining only water. The 
acid will be attracted by 
the positive wire, (m) 
and will actually appear 
in the vessel (i,) after 

ont combining with 4t, although, you knew, acids and alkalies 
■o much disposed to. combine. But this conversation has aire ^^ 
ady 

741. How will yon explain the^^periment illustrated in Fig. 3»? 
;74^. How will yon explain the experiment iUnstrated in Figr* 33^ 
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nraeh exeeeded oar nia^l limits, and ve cannot enlarge more up- 
on tbie interesting subject at present. 



CONYEBSATION XIY. 

ON ALKALIES. 

•Afrt. P* HaTing now giren yon some idea of the laws bj wbieh 
chemical attractioos are governed, we may proceed to the examina- 
tion of bodies which are formed in conseqncnce of these attractionsw 

The first class of compounds that present themselves to our notice, 
in our gradual ascent to the most complicated combinations, are bo«(' 
dies composed of only two principles. The sulphurets, phosphorets, ' 
earburets, &c. are of this description ; but the most numerous and 
important of these compounds are the combinations of oxygen with 
the various simple substanoes with which it has a tendency to unite. 
Of these you have already acquired some knowledge, but it will be 
necessary to enter into further particulars respecting the nature and 
properties of those most deserving oar notice. Ofihis class are the 
ALKALIES and the eauths, which we shall successively ezamnie. 

We shall first tahl^ a view of the alkalies, of which there are three, ' 
wm* POTASH, soDA,and ammonia. The two first are called^ecf oi-/ 
ftolset,* because they exist in a solid form at the temperature of tb»| 
atmosphere, and require a great heat to be volatilized. They consisr 
as you alrestdy know, of metallic bases combined with oxygen. In^^ 
potash, the proportions are about eighty-six parts of potassium, to 
UMirteen of oxygen ; and in soda, seventy-seven parts of sodium lo '^^ 
lirentv-tbree of oxygen. The third alkali, ammonia, has been di»- 
' tingmsbed by the name of vohiiie alkali^ because its natural form is 
that of gas. Its composition is of a more complicated natnre^ «f \ 
which we shall speak hereaAer. 

8ome of the earths bear so strong a resemblance in their propei!- 
lies to the alkalies, that it is difficult to know under which bead lo ' 
place theqp. The celebrated French chemist, Fourcroy, has classed 

* It has already been stated that a third fixed alkali has latdy been 
discovered by Mr. Arfvredson, which has been called IWiiom. It was 
first found in a Swedish mineral called pHaliU : but has since been 
detected in some other minerals. Though this alkali resembles poti. 
ash and soda in its general properties, yet it has decided 1;^ an alkaline 
substance ofits own, capable of forming difl^rent salts with the acids, 
Mid having in particnlar the property of combining with much 
greater proportions of acid than the other alkalies. 



743. What is the first class of compounds which present tbeia- 
■^Ives lo our notice ? 

744. Which are instances of this description? 
T45. What are the alkalies.' 

746. Why are potash and sodk called fixed 

747. Of what do the fiezed alkalies consist ? 
t4ll. Why is ammonia called volatile? 

It 
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two of them (barytes and «trontitei) with the alkalies; bat at line 
and mag^nesta have almost an eoual title to that rank, I think it bet- 
ter not to separate them, and tnerefore hare adopted the common 
method of classing them with the earths, and of distinguishing them 
by the name of atkaline eartht. 
/ The general properties of alkalies are, an acrid burning taste, a 
? pungent smell, and a caustic action on the skin and flesh. 
^ Caroline, I wonder they should be caustic, Mrs. B., since they 
contain so little oxyg^en. 
Jin. B. Whatever substance has an affinity for any one of the 
y constituents of animal matter, sufficiently powerful to decompose it, 
) is entitled to the appellation of caustic. The alkalies, in their pure 
S state, have a very strong attraction for water, for hydrogen, and tor 
( carbon, which, you know, are the constituent principles of oil, and it 
: is chiefly by absorbing these substances from animal matter that 
) ttiey effect its decomposition ; for, wheq diluted with a sufficient 
'•: quantity of water, or combined with any oily substance, they lose 
■ their causticity. 

But to return to the general properties of alkalies^-they change, 
( as we have sdready seen, the colour of syrup of violets, and other blue 
/ vegetable infusions to green; and have, in general, a very |^reat 
' tendency to unite with acids, although the respective qualities of 
these two classes of bodies form a remarkable contrast. 
We shall examine the result of the combinatibn of acids and alka- 
/ lies more particularly hereafter. It will be sufficient at present to 
inform you, that whenever acids are brought in contact with alka- 
lies or alkaline earths, they, unite with a remarkable eagerness, and 
forih- compounds perfectly different^f rom either of their constitoenls ; 
these bodies are called neutral or amvpoxmd aaUs, 

The dry white powder which you see in this phial is pare eanstic 
POTASH ; it is very difficult to preserve it in this state, as it attracts, 
' with extreme avidity, the moisture from the atmosphere, and if the 
air were not perfectly excluded, it would, in a very short time* be 
actuallv melted. 
Emily, It is then, I suppose, always found in a liquid state? 
JIfrt. B, No ; it exists in nature in a great variety of forms and 
combinations, but it is never found in its pure separate state ; it is 
( combined with carbonic acid, with which it exists in every part of 
V the vegetable kingdom, and is most commonly obtained nrom the 
' ashes of vegetables, which are the residue that remains after all thn 
other parts have been volatilized by combustion. 

Caroline. But you once said, that after all the volatile parts of a 
^ vegetable were evaporated, the substance that remained was char- 
coal? 
Jfre, B. I am surprised that yon should still confound the propessea 
of volatilization and combustion. In order to procure cbarcoal, we 
evaporate such parts as can be reduced to vapour by the operation 

749. What are the general properties of alkalies ? 

750. On what does the caustic property of alkalies depend ? 

751. To what colour do the alndies chanre the vegetable blues ? 
75%. How are neutral or compound salts formed f 

753. What would be the consequence if caustic potash were not 
secluded from the air ? 
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of heat alone ; but when we burn the vegetable, we burn the carbon 
also, aiid convert it into carbonic acid gas. 

CaroHne, That is true; I hope I shall make no more mistakes in 
roj faroarite theory of combustion. 

Jtfrx. B. Potash derives its name Irom the poU in which the ve- <' 
getables, from which it was obtained, used formerly to be burnt ; the 
alkali remained mixed with the ashes at the bottom, and was thence ' 
called potash. 

Mindly. The ashes of a wood fire, then, are potash, since they are 
vegetable ashes ? . 

JSn, B. They always contain more or less potash, but are very > 
far from consisting of that substance alone, as they are a mixture eff 
various-earths aiid salts which remain after the combustion of ve- 
getables, and from which it is not easy to separate the alkali in its , 
pure form. The procefs by which potash is obtained, even in the im- 
perfect state in which it is used in the arts, is much more complica- 
ted than simple combustion, ft was once deemed impossible to se- 
parate it entirely' from all foreign substances, and it is only in che- 
mical laboratories that it is to be met with in tiie state of purity in 
which you find it in this phial. Wood-ashes are^ however, valuable 
for the alkali which they contain, and are used for some purposes 
without any further preparation. Purified in a certain degree, they ( 
make what is commonly called peaW-osA, which is of great efficacy 
in taking out grease, in washing linen, &c.; for potash combines rea- i 
dily with oil or fat, with which it forms a compound well known to 
yon under the name of joap. 

CaroHne, Really 1 Then 1 should think it would be better to wash 
all linen with:pearl<ash than with soap, as in the latter case, the al- 
kali being already combined with oil, must be less efficacious in ex- 
tracting grease. 

Jtfrt. B. Its effiscts would be too powerful on fine Unen, and 
would injure its texture ; pearl-ash is theref6re only used for that 
which is of a strong, coarse kind. For the same reason, you can- , 
not wash your hands with plain potash ; but, when mixed with oil 
in the form of soap, it is soft as well as cleansing, and is therefore 
mocfa better adapted to the purpose. 

Catistic potash, as we already observed, acts on the skin, and ani- 
mal fibre, in virtoe of its attraction for water and oil, and converts 
all animal matter into a kind of saponaceous jelljr* 

Emily, Are vegetables the only source from which potash can be 
derived ? 

jlir#. B. No : for though for most abundant in vegetables, it is by ^ 
DO means confined to thjit class of bodies, being found also on the / 
sorfoce of the earth,' mixed with various minerals, especially with 
enrtbs and stones, whence it is supposed to be conveyed into vege- 
tables by the roots of the plant. It is also met with, thongb in very 



754. From what is potash obtained ? 
76S. From what is the term potabh derived ? 
756. Of what do wood-ashes consist ? 

767. How will soap assbt in oleansinir clothes from grease or oil ? 
758* Why may not pearl-ash be usm for the purpose, without 
being made into soap ? 
769. Is potash confined to vegetables } 
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matM qaantities, in some aniinal tubstancet. The most oommoo state 
of potash IB that of carbonat ; I suppose yoa understand what that is f 

imity, 1 believe so ; thourh I do not recollect that you erer 
mentioned the word before. If I aoi not mistaken, it must be a com- 
pound salt, formed by the union of carbonic acid with potash. 

Jlfr<. B. Very true ; vou see how admirably the nomenclature of 
modern chemistry is adapted to assist Che memory ; when you hear 
the same of a compound, you necessarily learn what are its consti- 
tuent parts; and when you are acquainted with these constituents, 
yon can immediately name the sompound which they form. 

Carttline, Pray how were bodies arranged and distin|^isbed be- 
fore this nomenclature was introduced ? 

J\tr9, B* Chemistry was then a much more difficult study; for 

/ erery substance had an arbitrary name, which it derived from the 

^' person wfto discovered it, as OiavberU $afU for instance; or from 

some other circumstance relative to U, though quite unconnected 

with its reail nature as jtotash. 

These names have been retained for some of the Mmple bodies ; 
' for as this class is not numerous, and therefore can easily be re- 
• membered, it has net been thought necessary to changfe them. 

Emily, Tet I think it fvould have rendered the new nomenclature 
more complete to have methodized the names of the elementary, as 
of the compound bodies, though it could not have been done in the 
same mrinner. But the names of the simple substances mig^t hare 
indicated their nature, or, at least, some of their principal proper- 
ties ; and if, like the acids and compound salts, all the simple bodies 
bad a similar termination, they would have been immediately known 
as such. So complete and regular a nomenclature would, 1 think, 
have given a clearer and more comprehensive view of chemistry 
tiian the present, which is a medley of the old and new terms. 

Mrs, B, But you are not aware of the difficulty of introducinr 
into science an entire set of new terms ; it obliges all teachers and 
professors to go to school again, and if some of the old names, that 
are least exceptionable, were not left as an introduction to tlie new 
ones, few people would haivehad industry and perseverance enough 
to submit to the study of a completely new languagfe ; and the inro» 
rior classes of artists, who can only act from habit and routine, would, 
act least for a time, have felt material inconvenience from a total 
chanpro of their habitual terms. ' From these considerations^ Lavoi- 
sier and his colleagues, who invented the new nomenclature, thought 
it most prudent to leave a few links of the old chain, in order tocoQ- 
nect it with the new one. Besides, you may easily conceive the in* 
convenience which might arise from riving a regular nomenclatnre 
to substances, the Hmpde nature of wnich is always uncertain ; for 
the new names might, perhaps, have proved to have been founded in 



7f 0.. What is the most common state of potash? 
761. What is carbonat ? 

76<. How were bodies arranged and distinguished before the new 
nomenclature was introduced ? 

763. Why have the old chemical names been retained? 

764. What inconvenience might arise from giving a regular no- 
menclature to substances, the natcire of which is uncertain ? 
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error. And, indeed, cautions M the invetttora oi Ihe modem obe- 
mical language have been, it has already been found neoeaiary to 
niodify itin many respectB* In those few oases, bowerer, in wkiob 
neir terms baye been adopted to designate sifflpie bodies, those ( 
names have been so contrired as to indicale one or the chief proper- } 
ties of the body in question ; this is the case with oxygen, which, as 
I explained to you, signifies generator of acids ; and hydrogen ge- 
nerator of water.* If all the elementary bodies had a similar icr- 
mination, as you propose, it would be necessary to change the name 
of any that might hereafter be found of a compound nature, whieh 
would be very inconreoient in this age of discorery . 

But to return to the alkalies.-^We shall now try to melt some ef 
this caustic potash in a little , water, as a circumstaoce ocoars du- / 
ring iU solution very worthy of obserration.— Do you f|Bl tbeiget \ 
that is produced ? / 

Caroline. Tes, I do ; but is not this directl? contrary tooor theo- ) 
.ry of latent beat, according to which heat is disengage when fluids ( 
become solid, and cold prmiuced when solids are melted? / 

Mrt. B. 'Hie latter is really the case in all solutions; and if the / 
solution of caustic alkalies seems to make an exception to the mle, 
it does not, I beliere, form any solid objection to the theory. The 
matter may be explained thus : When water first comes in oontaet 
srith the potash, it produces an effect similar to the slacking of lime, 
that is, the water is solidified in combining with the potash, and tbils 
loses its latent heat ; thisis the heat that you now feel, and wkichia, 
therefore, produced not by the meltings of the solid, but by* the solidi- 
fication of the fluid. But when there is more water than the potash 
can absord and solidify, the latter then yields to the solvent fK>w<$r 
of the water; and if we do not perceive the cold produced by its 
melting, it is because it is couoter-balanced by the beat previous|y 

disengaged.f / 

A wery remarkable property of potash is the formation of glass 1^ ) 
Kb ftision with silicious earth. You are not yet acquainted with this 
Inst substance, further than its being in the list of simple bodies. It 
is sufficient, for the present, that you should know that sand end flint , 
are chiefly composed of it ; alone, it is infusible, but mixed with pot- 

* It may here be observed, that even with regand te theise twe 
bodies, the nomenclature is become exceptionable, «nce it is now 
foand that oxygen is one of the constituents of alkalies as well as of 
•cids, and in particular of the muriatic. 

t This defence of ithe general theory^ howerer plausible, is liable 
to some obvious objections. The phenomenon migfat, perhaps, be 
better acconnted for, by supposing that a solution of alkali in watcir 
has less capacity for heat than either water or alkali in their aepek- 
rat&state. 



— "»<- 



765. In the few cases where new names have been addpted' to jiie' 
iignate simple substances, how have these names beeii ddotrived ? 

766. What intenesting circumstance occurs if caustic, jMrtajBhrte 
nelted in water? ' ; *, 

^67. How is glass made? ^ .,, . ^^ 

168* ifeautUcpota*hupi¥liinwMter,whfu^heaidket^g^ 
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Mb, it maltt when exposed to the heat of a fnmaoey ^oombinei wit|i 
the alkali, aod ruot ioto ffl^M. 

Cmrdine, W bo wonid ever bare suppqaed that tbe same aobotaiice 

wbicti ooorerta transpareot oil into such an ooaqae body as soap* 

•boobl transform that opaque substaiice, saoa, into transparent 

Ulass? 

/ JUrs. B. Tbe transparency, or opacity of bodies, does not, I.con* 

; beive, depend so much on their intimate nature, as upon the ar> 

'; rangemeot of their particles : we cannot have a mure striking in- 

' iteDce «of this, tlian is afforded by the different slates of carbon, 

which, thovc^h it -commonly appears in the form of a black, opaqu^ 

body, sometimes assumes the most dazxliog, transparent form in 

/ natere, that of diamond, which, you recollect, is carbon, which 

Sin aH probability, derives its beautiful transparency from the pecQ- 

( liar arrangement of its particles during their crystallization. 

Emiiy* 1 never should have supposed that the formation of glass 
was so simple a process as you describe it 

Jlrs. B. It is by no means an easy operation to make perfect 
glass ; for if the sand or flint, from which the silicious earth is ob- 
tninedvbe mixed with any metallic particles, cr other substance, 
which 'Cannot be vitrified, the glass will be discoloured, or de&ced, 
bgrepaque specks. 

CkuroHne. That 1 suppose, is the reason why oibjects so often ap- 
pear irregular and distorted through a common glass window. 

Jiri, B, This species of imperfection ptoceeds, 1 believe, from 
imotber cause. It is extremely difficult to prevent tbe lower part 
\ of the vessels, in which tbe materials of glass ace fused, from con- 
^ taining a more dense vitreous matter than the upper, en account of 
tbe heavier ingredients falling to the bottom. When this happens, 
it occasions tqjp app^rance of veins or waves in the^lass, from the 
difference of density in its several parts, which produces an irregu- 
lar refraction of the rays of light which |nss through it. 

Another specie* of imperfection sometimes arises from tbe fusion 
' not being oootinued for a length of time sufficient to combine the 
•two ingradients completely, or from the due proportion of potash 
«nd ailex (which are as two to one) not being-carefuUy observed ( 
tbeglass m those cases, will be liable to alteration from the action 
of tbe air, of salts, and especially of acids which -will effect its de- 
composition by combining with tbe potash, and forming compoun4 
•ealts. 

Smt/y. What an extremely useful substance potasb is! 

Jir€, 0. Besides the jj^reat importance of pota^ in the mami&c- 
tMies«eftglass and soap,'il is of "very considerable utility In many of 
the other arts, and in its combinations with several acids, particn- 
tarly tbe nitric, with Which it forms saltpetre. 



799. On what does tbe opacity of bodies depend ? 

71d. To what doesa diamond owe its transparency ? 

771. What is tlie occasion of the veins or waves discorered on 
eome glass ? 

77%* What other imperfection sometimes occurs in tbe vtnkxotud 
jiass? 

3.19. Ofwbatdoet^Mtltpetre consist? 
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Caroline. Tbeo saltpetre mast be a nt/rat ^ /'•foiA. But we are ^' 
not yet acquaioled with the nitric acid. / 

JUrt. B. We shall therefore defer eoteriDg^into the panicolars of 
these combiDatioos till we come to a general review of thecompoood 
salts. In order to avoid confasion, it will be better at present to 
coDfine ourselves to the alkalies. , ; 

Emily. Cannot you ^how us the change of colour which jousaid 
the alkalies produced on blue vegetable infusions? 

Jira. B,» Yes, very easily. 1 shall dip a piece of white paper , 
into this syrup of vimets, which, you see, is of a deep blu^, and 
dyes the paper of the same colour. As soon as it is dry, we shall , 
dip it into a solution of potash, which, though itself colourless, wdl 
turn the paper g^reen.* 

Catolkie. So it has, indeed ! And do the other alkalies produce a 
similar c^ect ? 

Mr», B, Exactly the same — We may now proceed to soo^ 
which, bowjeve^ important, will detain us but a very short time ; aa 
in all its general properties it very strong!} resembles potash ; inr 
deed, so great is their similitude, that they have been long confound* 
ed, and they «an now scarcely be distinguished, except by the dif 
ference of the salts which they form with acids. 

The great source of this alkali is the sea, where, combined with 
a peculiar acid, it forms the salt with which the waters of the ocean 
are so strongly impregnated. 

Emiiy. Is not that the common table salt? 

Mr$. jB. The very same ; bat again we roust postpone entering 
kito the particulars of this interestin|^ combination, till we treat of 
the neutral salts. Soda may be obtamed from eommon salt ; but 
the easiest and most usoal method of procuring it ia by the combua- . 
tkm of marine frfants. an operation perfectly analogous to that by 
which potash is obtained from vegetables. 

£ai%. From what does soda derive its name ? 

Mn. B» From a plant called by us soda, and by the Arabs xai.v 
which aibfds it in great abundance. Kali has, indeed, given ita 
name to the alkalies in general. 

Cerelt^. Does soda form glass and soap in the same manner a* 
poUtfii? 

* ♦ A v>ery pwtty experiment on the change of cofours nmyb* 
made as fotlows-. M«kea tincture, by pouring boiling water on red 
cabbage and let it tftmd a while. Put it into a phiaL The cdoar 
will be purple. Tsketwe wine glasses, and into one put a few 
drops of sulphuric acid, and into the ether the same quantity of a 
■troor solution of potash. So littie of either will do, that the glasses 
mwbe inverted for a moment. Then pour the tincture »to eacb^ 
aiid the one containing the acid will appear a most beautiful rei, 
and the other as beantiliil a green — C 

T74. Wfcat is the ebemieal name of saltpetre ? 

776. How may Une v^taMe«ek»rs be iarned green f 

776. How dees soda diner from petatfh f 

777. What is the f reat source ef soda? 

778. How may soda be obtained ? 

77V. From what does soda derive its name f 
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Mrt. S. Yes, it does ; it is of equal importanoein tlie wrts, and is 
eren prefered to potash for some parposes:; hot yoa will not be aMie 
to distiDg^ish their properties, till we ei^amtne the Gompoond salts 
which they form with acids ; we mast therefore leave soda for the 
prescDt, and proceed to ambtomia, or the tolatilb aj^kali. 

JEmify. I loBg to hear something of ihis alkali ; is it not of the 
same natare as hartshorn ? 

Jlfr#. B. Tes, it is, as you will see b^e-and-bye. This alkali is 
seldomf found in nature in its pure state ; it is most commonly extrac- 
ted from a compound saU,called sal. ammomae^ which was fimneriy 
s ^ imported from Ammonia, a region of Lybia, from which both these 
i salts and the alkali derive itbeir names. The crystals contained in 
this bottle are specimens of this salt, f4iich consist of a combina- 
tion' of ammonia and muriatic acid. 
( CaroUne. Then it should be called mtirta/ ^ ammoma ; forthoofh 
I I am i^ovant what muriatic acid is, yet I know th^t its combina- 
I tion with ammonia cannot but be so-called ; and i am surprised to 
see sal. ammoniac inscribed on the lab<9. 

Jlfrt. B, That is the name by which it has been so long known, 
'fliat the modern chemists hare not yet succeeded in banishing it aU 
together ; and it ts still sold under t^at name by druggists, thoi^ by 
scientific chemists it is more properly called muriat of ammonia. 

CaniUne, Both the popular and common name should be inscribed 
QD labels— this would soon introduce ^the new nomenclature. 

Emify. By what means can the ammonia be separated from the 
^muriatic acid f 
\ JUr*. B. Sy^emical attractions ; but this operation is too oom- 
) plicated for you to understand till you are better acquainted wHh 
[ the agency of affinities. 

fim%. And when extracted from the ealt, what kind of sub* 
;:Stance is ammonia ? 

JUrs. B, Its natural form, at the temperature of the atmospbere, 
when fre^ from combinaticm, is that of gas ; and in this state it is 
called ammoniacalgoi. But it mixes very veadily with water, attd 
can be thus obtained in a liquid form. 

Csrolti^e* Tou said that ammonia was more complicated in its 
composition than the other alkalies ; pray ef what principles doss 
it consist ? 

Jtfrt. B. ft was flisoorered a few years stnoeiby BertboHet, a cei- 
/ «brated French chemist, that it consisted of about one pstrt of hydro- 
' ren to four parts of nitrogen. IlaTinjg halted ammoniaeal gas vo- 
cer a receiver, by Cavsin||^ the electrical sparic to pass repeated^ 
through it, he found that it increased considerably in bulk, lost «1 
its alkaline properties, and was actually conveiiled mto hydrogen and 
ttitrogen gases ; and from the latest and most accurate experimeats 



180. Can glass and soap'be formed from soda fts well as frompotask? 

781. From what does mmnonia deriro its name i 

782. From what is it mostly obtained ? 

783. What is the proper chemical name of this rolatUe alkali ? 

784. How can ammonia be separated from muriatic ncid ^ 

785. How 18 ammbniacid gas obtained ? 

786. Under what forgg^does it appear wben.purtt I 
187. Of f^at principles does ammonia consist ? 
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tbe proportiom mppear to be, one volameof nitrogen gas, to three 
of oxjgen gfts.* > 

Caroline, Ammonia^ therefore, has not, like tbe two other alka- 
lies, a metallic basis. 

Mrt. B. |t is beliered that it has, though it is extremely difficult 
to reconcile that idea with what I have ju^t stated of its chemical 
nature. But the fact is, that although this supposed metallic basis 
of ammonia has never been obtained distinct and separate, yet both ■. 
Professor Berzelios, of Stockholm, and Sir H. Davy, have sue- \ 
ceeded in forming a combi'natton of^mercury with the basis of am- 
Sbonia which has so mach the appearance of an amalgam, (hat it 
strongly corroborates the ideaof^mmooia having a metallic basis.! 
But these tbeoretioaf points ajre fall of difficulties and doubts, ana 
it would be useless to dwell any lunger upon them. 

JLet us therefore return to the properties of volatile alkali. Am* 
moniacal gas is considerably lighter than ozygeb gas, and only 
about half tbe weight of atmospherical air. 1 1 possesses roost of the 
properties of Ihe fixed alkalies ; but cannot be of so much use in 
the arts on aeconnt of its volatile nature. It is, therefore, never - 
employed in the manufacture of giass. but it forms soap with oils S 
equally as well as potash and suda ; it resembles them likewise in ! 
its strong attraction for water ; for which reason it can be collected ? 
in a receiver over mercury only. 

Caro/me, 1 do not understand this. 

Mrs. B. Do you recollect the method which was used to collect 
ga^es in a glass receiver over water? ^ 

Caroline, Perfectly. 

Jtfr*. J3. Amnioniacalgas has so strong a tendency to unite with/ 
water, that instead of passing through that fluid, it would be in- ) 
■tantaneously absorbed by it. We can therefore neither use water \ 
fi>r that purpose nor any other liquid of which water is a compo- . 
sent part ; so (hat in order to collect this gas, we are obliged to 
have Tccoorse to mercury, (a liquid which has no action upon it,) 
and a mercurial bath is used instead of a water bath, such as we 
emi^oped on former occasions. Water impregnated with this ^as 
.is nothing more than the fluid which you mentioned at the begin- :^ 
nin|^ of the conversation — hartshorn; it is the amrooniacal g^ es- ( 
caping from the water which gives it so powerful a smell.} 

* It ought to be hydrogen ga$. — C. 

f This amaljg^m is easily obtained, by placing a globule of mer- 
cnry. upon a piece of muriat. or carbonat of ammonia, and electri* 
fying this globule by the Voltaic battery. The globule instantly 
b^ins to expand to three or four times its former size, and becomes 
much less fluid, though without losing its metallic lustre, a change 
which IS a8cril>ed to the metallic basis of ammonia uniting with 
the mercury. This is an extremely curious experiment. 

{ To obtain ammoniacal ras, mix together equal parts of fpuriate 
of ammonia, and dry burnt lime ; after pulverizing each separately. 



788. Has ammonia a metallic basis ? 

789. What is the specific gravity cf ammoniacal gas ? 

790. How does ammonia resemble potash and soda ? 

791 . Why cannot ammonia be collected in a receiver over water? 
79!{. VVhat is hartshorn? 
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Emily. Bat there is no appearance of effenresoence in hartshorn. 

JHfrs, B, Becaase the particles of g^s that rise from the crater 
are too subtle and minute for their effect to be visible. 
[ Water diminishes in density, by beings impregnated with ammoni- 
acal ^as ; and this aog^mentation of bulk increases its capacity for 
caloric. 

Emily. In making hartshorn, then, or impregnating* water, with 
ammonia, heat must be absorbed and cold produced ? 

JIfrs, B, That effect would take place if it was not counteracted 
by another circumstance ; ' the gas is liquefied by incorporating 
with the water, and gives out its ||tent heat. The condensation of 
the gas more than counterbalances the expansion of the water— 
therefore, upon the whole, heat is produced. Bat if you dissolve 
^ammoniacal gas with ice or snow, cold is produced. — Can yoa no* 
count for that ? 

Emily. The gas in being condensed into a liqnid, roost giv^ oat 
^j heat ; and, on the other hand, the snow or ice in being rarefied 
'>into a liquid, must absorb heat ; so that between the opposite ef- 
fects, 1 should have supposed the original temperature would have 
been preserved. 

Jffn. B. But yoa have forgotten to take into the account the 
rarefaction of the water, (or melted ice,) bv the impregnation of the 
gas, and this is the cause of the cold which is uUimately prodoced. 

CaroHne> Is the sal volatile (the smell of which so strongly re- 
■erobles hartshorn) likewise a preparation of ammonia ? 

Mr», B*. It is carbonat of ammonia dissolved in wafer ; and which 
in its concrete state, is commonly called salts of hartshorn. Am- 
monia is caustic, like the fixed alkalies, as yoa may judge by the 
pungent effects of hartshorn, which cannot be taken internally, nor 
' applied to delicate external i>arts, without being plentifully diluted 

rob them together in a mortar ; put them into a retort, and apply 
the heat of a lamp. Or, the common spirit of sal ammoniac may be 
heated in a retort in the same way. To collect an^ retain the gas 
without a mercurial bath, ^jl, a receiver or bottle in an inverted 
position, and connect to the retort a tube, which introduce up into 
the receiver, so that it nearly reaches the bottom. As the gas 
comes over, its levity is such, that it fills the upper part of the re- 
ceiver first, gradaally driving oat the air, and taking its place. To 
keep U; for any considerable time, the receiver must be stopped. A 
pretty experiment may be made by introducing up into the receiver 
with the ammonia, some muriatic ga$. Both gases are invisible 
until they are brought together, when they unite, forming a dense 
white cloud and fall down in the solid form of mttriaie of ammoma. 
The muriatic g^ is obtained by pouring sulphuric acid on comnrao 
■alt, and applying the heat of a lamp. It may be sent up into tbe 
receiver in the way above described, or ammonia. — C. 
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793. What change is produced on water by being impregnated i 

with ammoniacal gas? o r -o ,i 

794. Why U cokl produced if ammooiacal gas is dissolved with 
■now or ice ? » " 

795. fl«w «« J ammanufal gas be retained fir esneritiienU with^tU a ' 
mereurtal bath f * r 

_ 796. What is ial volatile ? 
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with water.-^Oil and aotds are very exceHent aDtidotes for alkalioe 
poisons ; can you gaess why t ^ 

Caroline, Perhaps, because the oil combines with alkali, and ^^ 
forms soap, and thus destroys its caustic properties : and the acid 
Gonrerts it into a compound salt, which, 1 suppose, is not so perai- 
cio«M as caustic alkali. 

Jifrr. B. Precisely so. 

Ammoniacal gas, if it be mixed with atmospherical air, and a 
bumtog taper repeatedly plunged into it, will burn with a large 
flame o( a pecnliar yellow colour. 

EmUy, But, pray, tell me, can ammonia be procured from this 
Lybian salt only ? 

JArt. B, So far from it, that it is contained in, and may be ex- ^^j 
traded from, all animal substances whateyer. Hydrogen and ' 
nitrogen are two of the chief constituents of animal matter ; it is ' 
therefore not surprising that they should occasionally meet and 
combine in those proportions that compose ammonia. 3at this 
alkali is more frequently generated by the spontaneous decomposi- 
tion of animal substances ; the hydrogen and nitrogen gases that 
arise from putrefied bodies combine and form the volatile alkali. 

Muriat of ammonia, instead of being exclusively brought from 
Lybia, as it originally was, is now chiefly prepared m Europe, by 
chemical processes. Ammonia, although principally extracted 
from this salt, can also be produced by a great variety of other 
substances. The horns of cattle, especially those of deer, yield it 
in abundance, and it is from this circumstance that a solution of 
ammonia in water has been called hartshorn. It may likewise be 
procured from wool, flesh, and bones ; in a word, any animal sub- 
stance whatever, yields it by decomposition. 

We shall now lay aside tlie alkalies, however im|>ortant the sub- 
ject may be, till we treat of their combination with acids. The 
next time we meet, we shall examine the earths. 



COHYERSATION IT. 

Oir SABTRfl. 

jtfrf. B, The BABTHs, which we are to-day to examine, are nine 
in number. 

8IX.EX, ST&0RTITE8,* 



* There is less evidence that these four earths are composed of 
metallic bases than there is in the case of ammonia, which it will be 



797. Why aro oils and acids i^ood antidotes for alkaline poisoDs ? 

798. From what can ammonia be procured ? 

799. What are the chief constituents of animal matter? 

800. Why has a solution of ammonia in water been called barti- 
bom? 

801. How many earths are there ? 

802. What are their namer? 
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ILVMIMS, TTTmiA, 

BARTTEB,* OLUCIIIA, 

LIMB,* ZIBCORIA. 
MAGNESIA, 

The last three are of late discoTerj ; thenr properties are hot 

ifnperfectly known ; and as they bare not jet been applied to use, 

it will be unnecessary to enter into any particulars respecting* tbeni. 

We shall confine bur remarks, therefore, to the first fire. Ttiejr are 

./ composed, as you hare already learnt, of a metallic basis eombiiied 

'*) with oxygen ; and fiom this circumstance are incombustible^ 

Caffine, Yet 1 hare seen turf burnt in the country, and it makes 
an excellent fire ; the earth becomes red hot, and produces a Tery 
great quantity of heat. 

Jdrt B. It is not the earth that burns, my dear, b»t the roots, 
grass, and other remnants of regetables that are intermixed with it 
The caloric, which is produced by the combustion of these sub- 
stances, makes the earth red hot, and this being* a bad conductor 
/ of heat, retains its caloric a lonip time; and were, you to examine 
< it when cool, you would find that it had not absorbed one particle 
< of oxygen, nor suffered any alteration from the fire. Earth is, how- 
erer, from the circumstance just mentioned, an excellent radiator 
of heat, and owes its utility, when mixed with fuel, solely to that 
property. It is in this point of Tiew that Count Romford has re- 
commended bans of incombustible substances to be arranged io fire 
places, and mixed with the coals, by which means the caloric dis- 
engaged by the eombnstioD of the latter is more perfectly reflected 
into the room, and an expense of fuel is sared. 

Emily- 1 expected that the lists of earths would be much rooie 

considerable; When I think of the immense variety of soils, I am 

astonished that there is not a mater number of earths to form tbem. 

Mn, B, Yon'might, indeed, almost isonfine that number to four; 

for barjTtes, strontites, and the others of late discovery, act bat so 

small a part in this great theatre, that they cannot be reckoned as 

■■ flssential to the general formatbn of the ^obe. And you mast not 

confine your idea of earths to the formaticn of soil ; for rock, ma«» 

ble, chalk, slate, s And, flint, and all kinds of stones, from the pr»> 

* dous jewels to the commonest pebbles ; in a word, sll the imi 



remembered, was supposed to hare farmed an amalgam with mer- 
<cary, and on this account was supposed to hare had a metallic b»> 
eis. Of the other earths no one except Dr. Clarke, of Cambridge^ 
Eng., has pretended to offer any but conjectural evidence of their 
metallic nature. This gentleman, on subjecting them to the heat ef 
the blow -pipe, charged with oxv^^n and hydrogen, was led to be- 
lieve he had obtained their metallic bases. But as his experiments 
have been repeated at the Royal Institution without soocess, it is 
now understood that the Dr. must have been mistaken.- 



i 



803. Of what are the earths composed f 

804. Why are the earths incombustible ? 

805. Why then is turf used for fuel in some coantries ? 

806. Why is the earth a good radiator of heat? 

807. What is said of barjtes and strootites, as ooiistitntins m pmC 
ertheglobe? ^^ "^ 
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rariety of mineral products, may be referred to some of these 
earths, either in a simple state, or combioed the one with the other, 
or ble0(^ed with other ing^redients. / 

CaroUne. Precious stoaes composed of earth ! That seems very ^ 
difficult to conceive. j- 

Emily. Is it more extraordinary than that the most precious of f 
all jewels, diamond, should be composed of carbon ? But diamond ; 
forms an estception, Mrs. B. ; for, though a stone, it is not com- ' 
posed of earth. 

Mrs. B. I did not specify the exception, as I knew joa were so 
well acquainted with it. Besides, I would call a diamond a Biinerar 
rather than a stone, as the latter term always implies the presence 
of some earth. 

Caroline. I cannot conceive how such coarse materials can be 
converted into such beautiful productions. 

JIfrf. B. We are very far from understanding all the secret re- 
sources of nature ; but 1 do not think the spontaneous formation of 
the crystals, which we call precious stones, one of the most difficult 
phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds of 
ages, these earths may be gradually dissolved by water, and as 
gradually deposited by their solvent in the undrsturbed process of 
crystallization. The regular arrangement of their particles, during 
their re-union in a solid mass, gives them that brilliancy, transpa- 
rency, and beauty, tor which they are so mnch admired ; and reo* 
ders them in appearance so totally different from their rude and 
primitive ingredients. 

Caroline. But how does it happen that they are spontaneously 
dissolved, and afterwards crystallized .' 

Jtrf. B. The scarcity of many kinds of crystals, as rubies, eme- 
ralds, topazes, &c.i shows that their formation is not an operation 
very easily carried on • in nature. But cannot you imagme that 
when water holding in solution some particles of earth filters 
through the crevices of hills or mountains, and at length dripples 
into some cavern, each successive drop may be slowly evaporated, 
leaving behind it the particle of earth which it held io solution f 
Too know that cry8tafKzati<»n is more regular and per(bct, in pro- 
portion aa the evaporation of the solvent is slow and uniform ; na- 
tnre, therefore, who knows no limit of time, has, in all works of this 
kind, an infinite advantage over any artisi who attempts to imitate 
such productions. 

Emily, I can now conceive that the arrangement of the particles 
of earth daring crystallization, may be such as to occasion transpa- 
rency, by admitting a free passage to the rays of light; bat I can- 
not understand why crystallized earths should assume such beautt- 
fal colours as most of them do. Sapphire, for Instance, is of a ce^ 
lestial blae ; ruby, a deep red ; topaz, a brilHant yeltow ? 



808. What valuable substance do the earths compose ? 

809. Is it deemed di^cult to understand the spontaneous forma* 
tioQ of crystal? 

810. What does the scarcity of many kinds of crystals show ? 

81 1. How may it be supposed that they are formed ? 

17 
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Jtfrf. B. Notbing is more simple than to snppose that the ar- 
/ rangeinent of their particles, is such,, as to transmit some of the 
( coloured rays of light, and to reflect others, in which case the stone 
must appear of the colour of the rays which it reflects. But be- 
sides, it frequently happens that the colour of a stone is owing to 
a mixture of sdirie metallic matter. 

Caroline. Pray, are the different kinds of precious stones each 
composed of one individual earth, or are they formed of a combina- 
tion of several earths ? 

Jdrs. B. A great variety of materials enters into the composUion 
of most of them ; not only several earths, but sometimes salts and 
metals. The earths, however, in their simple state, frequently 
form very beautiful crystals ; and, indeed, it is in that state only 
t^nt they can be obtained perfectly pure. 
{ Emily. Is not the Derbyshire spar produced by the crystalliza« 
) tion of earths, in the way you have just explained ? I have been in 
some of the subterraneous caverns where it is found, which are 
similar to those you have described. 

Jtfri. B. Yes ; but this spar is a very imperfect specimen of 
crystallization ;* it consists of a variety of ingredients confusedly 
blended together, as you may judge by its opacity, and by the 
various colours and appearances which it exhibits. 

But, in examining the earths in their most perfect and agreeable 
form, we must not lose sip^ht of that state in which they are com- 
monly found, and which, if less plej&sing to the eye, is far mgre in- 
teresting by iiB utility. 
/ All the earths are more or less endowed with alkaline proper- 
'^ties; but there are four, barytes, magnesia, lime, and fttrontites, 
which are called liUcaline eartki^ because they possess those quali** 
t ties in so great a d«rree, as to entitle them, in most respects, to the 
/ rank of alkalies. They combine and form compound salts with 
acids, in the same way as alkalies ; they are, like them, susceptible 
of a Qonsiderable decree of causticity, and are acted upon in a aimi« 
lar manner bj chemical tesiB.~^The remaining earths, silex and 
aloroine, with one or two others of late discovery, are in tome de- 
gree inore earthy, that is to say, they possess more completely the 
propeiities common to all the earths, which are insipidity, dryneat* 
analterableness in the. Are, infosibility, &c, 

Cmrolmit. Tet, did yon not tell us that silex, or siliceous eartli^ 
vben mixed w^b an alkali. Was fusible, and run into g^lass? 
Jtfrf. B. Tes, my dear ; but the characteristic properties of earths* 

^ Tho Derbysli^re b|^ is Composed of Ume %.xiAfiuoric acid ; beoee 
it is caU^d /liM^« of ^tme. fbe oiolours are owing to intermixture 
with metallic bi^ides. It is a very beautiful mineral, and instead of 
being opaque, '}fi is generally translucent, or nearly transpaiTent-^C. 

812. Whence may it be tupposed they receive their beautifiil 
colours? 

813. What is an inttance of simple earths in a state of ctlratal- 
lisation? ^' ^' 

814 What it t^e eompotition 4if Derb^Mre tpdr f 
816. Wbi^t are alkaline earths ? 

816. Why are thejr so called? 

817. What properties are common to all earths ? 
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which I have mcdtioDed, ^re to be codsiiYered as belong^ing^ to them 
in a state of purity only ; a state in which (hey are irerf seldom to 
be met with in nature. Besides these {general properties, each earth 
has its own specific characters, by which it is distingoWhed froHi 
any other substance. Let us, therefore, review them separately. 

Sii.EX, or SII.TCA, abounds in flint, sand, sand-stone, agate, JU-^ 
per, &c. ; it forms the basis of many precious stones, and partica- ] 
larl}' of those which strike fire withsteel. It is rough to the touch,/ 
scratcb&s and wears away metals ; it is acted upon by do acid but j 
the fluoric, and it is not soluble in water by any known process; but 
nature certainly dissolves it by means with which weareunkc-/ 
quainted, and thus produces a variety of siliceous erydtals,- and I 
amongst these, rock cryttaly which is the pureHt spdcirnen of this / 
earth. Silex appears to have been intended by Providehce to fottU 
the solid basis of the g-lobe, to serve as the foundation foir the origfi- 
nal mountains, and give them that hardness and durability which 
has enabled them to resist the various revolutions which the surface 
of the earth has successively undergone. iF'rom these mountains 
silicious rocks have, during the course of ages, been gradually de- 
tached by torrents of water, and brought down in fragments ; these, 
in the violence and rapidity of their descent, are sometimes crum- 
bled to sand, and in this state form the beds of rivers and o^ the sea, 
chiefly composed of siliceous materials. Sometimes the fragments 
are broken without being pulverized by their fall, and a<tsume the 
form of pebbles, which gradually become rounded and polished. 

Emily, Pray* what is the true colour of silss, T?h!ch forn^S S'JCt S 
vairiety of different coloured substances ? Sand is brown, flmt is 
nearly black, and precious stones are of all colours. 

Mrs. B. Pure silex, such as is found only in the chemist's labo- / 
ratory, is perfectly white, and the various colours which it assumes ( 
in the diflerent substances you have just mentioned, proceed fVom 
the different ingredients with which it is mixed in them. 

Caroline. I wonder that silex is not more valuable, since it forms 
the basis of so many precious stones.* 

Mrs. JB. You must not foi*get that the value we set upon precious . 
stones depends in a great measure upon the scarcity with which 
nature affords them ; for, were those productions either common of 
perfectly imitable by art, they would no longer, notwitlisianding 
their beauty, be so highly esteemed. But the real value of siliceous 
earth in many of the moat useful arts, is very extensive. Mixed, 
with clay, it forms the basis of all the various kinrls of earthern . 
ware, from the most common utensils to the most refined ornaments. 

Emiiy, And we must recollect its importance in the formation of 
glass with potash, 

Mrs. B. Nor should we omit to mention, likewise, many other 

* The bases of some of the most costly gems, as sapphire, ruby, 
and topaz, are alumine.-^C. 



818 In what is silex chiefly found t 

819. What is the purest specimen of silex ^ 

8^0. What is the colour of silex > 

821. Upon what does the value of precious stones depend ? 

822. For what important uses is silex chiefly valuable i 
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imporUiDt uses of silex, such as being the chief ingredieot of some 
of the most durable cements, of mortar, &c. 

I said before that siliceous earth combined with no acid but the 

.fluoric ; it is for this reason that glass is liable to be attacked by 

'that acid only, which, from its strong affinity to silex, forces that 

.. substance from its combination witb the potash, and thus destroys 

'ithe g;lass. 

We shall now hasten to proceed to the other earths, for I am ra- 
ther appreheosiFe of your growing weary of this part of our subject. 

Caroline. 1 confess that the history of the earths is not quite so 
entertaming as that of the simple substances. 

Mrs, B, Perhaps not ; but it is absolutely indispensable that you' 
should know something of them ; ^or they form the basis of so 
many interesting and important compounds, that their total omis- 
sipn would throw great obscurity on our general outline of chemi- 
cal science. We shall, however, review them in as cursory a 
manner as the subject can admit of. 

Aluminb derives its name from a compound salt called alunit of 
which it forms the basis. 

Caroline. But it ought to be just tlie contrary, Mrs. B.; the sim- 
ple body should give, instead of taking, its name from tl»e compound. 

Mrs, B. That is true ; but as the compound salt was known long 
before its basis was discovered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
name from the compound from which it was obtained. However, 
to remove your scruples, we will call the salt according to the new 
nomenclature, stUphat of alumine. From this combination, alu- 
mine may be obtamed in its pure state ; it is then soft to the touch, 
makes a paste with water, and hardens in the fire. In nature it is 
found chiefly in clay, which contains a considerable proportion of 
this earth ; it is very abundant in fullers* earth, slate, and a variety 
of other mineral productions. Thdre is indeed scarcely any mine* 
ral substance more useful to mankind than alumine. In the state 
of clay, it forms large strata of the earth, gives consistency to the 
soil 01 valleys, and of all low and damp spots, such as swamps and 
marshes. The beds Of lakes, ponds, and springs, are almost en- 
tirely of clay ; instead of allowing of the filtration of water, as sand 
dees, it forms an impenetrable bottom, and by this means water is 
accumulated in the caverns of the earth, producing those reservoirs 
whence springs issue, and spout out at the surface. 

Emily. I always thought that these subterraneous reservoirs of 
water were bedded by some hard stone, or rock, which the water 
could not penetrate. 

Mrs. S. That is not the case ; for in the course of time water 
would penetrate, or wear away silex, or any other kind of stone, 
while it is effectually stopped by clay, or alumine. 

The solid compact soils such as are fit for corn, owe their consist- 



823. How, and why does the fluoric acid destroy glass f 

824. Why is it necessary to understand the nkture of the eartha? 
8^5. From what does alumine derive its name ? 

826. What is the sulphat of alumine ? 

827. In what is alumine chiefly found f 

.828. Ip wliat ktndof soil does it occur most abundantly? 
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ence in a great measure to alumine ; this earth is therefore used to/^ 
improve sandy or chalky soils, which do not retain a sufficient quan-) 
tity of water for ihepurpuseof vegetation. ' • 

Alumine is the most essential ingredient in all potteries. It eli* / 
ters into the composition of brick, as well as that of the finest, porce- 
lain : the afJditiou of silex and water hardens it, renders it suscept- 
ible of a degree of vitrification, and makes it perfectly fit for its 
various purposes. 

Caroline* 1 can scarcely conceive that brick and china should 
be made of the same m&terials. 

Jlfr<. B. Brick consists almost entirely of baked clay ; but a cer- 
tain proportion of silex is essential to the formation of earthen or 
stone ware. In the common potteries sand is used for that purpose ; 
a more pure silex is,^ I belif've. necessary for the composition of 
porcelain, as well as a finer kind of clay ; and these niateriab are, / 
no doubt, more carefully prepared, and.curiously wrought, in the ^ 
one case than in the other. Porcelain owes its beautiful semi- / 
transparency to a commencement of vitrification. 

Emily ' But the commonest earthenware, though not transparent, 
is covered with a kind of glazing. 

JUra* B, That precaution ib equally necessary for use as for beau- 
ty« as the ware would ho liable to be spoiled and corroded by a va- ' 
Hety of substances, if Bot covered with a coating of this kind. In ^ 
porcelain it consists of enamel, which is a fine .white opaque glass, 
formed of metallic oxyds, sands, salts, and such other materials fis 
are susceptible of vitrification. The glazing of common ^earthenr 
ware is made chiefly of oxydoflead, or sometimes merely of salt, 
which, when thinly spread over earthen vessels, will, at a certain 
heat, run into opaque-glass. 

Caroline. And of what nature are the colours which are used for 
painting porcelain ^ 

Mrs, B. They are all composed of metallic oxyds ; so that these / 
colours, instead of receiving injury from the application of fire, are ; 
atrengthened and developed by its action, which causes them to '^ 
undergo different degrees of oxydation. 

Alumine and silex are not only often combined by art, but thejr 
have in nature a very strong tendency jLo /unite, and are found com- 
bined, in different proportions, in .various gems and other minerals* 
Indeed,many of the precious stones, such as ruby, oriental sapphire* 
amethyst,f &c. consist chiefly of alumine. 

We'may now proceed to the alkaline earths. I shall say but a few 
words on Sarytes, as it is hardly ever'uded, except in chemical 

♦Porcelain clay, of which china ware is made, is found among 
granite rocks, and seems to owe its origin to the decomposition of a 
mineral cal led/« Wnpor. Its composition is silex and alumine, si- 
lex being the predominant ingredient.— C. 

f The amethyst is almost entirely composed of silex.— C. 
> .1 — — ■ ' ■■ ^ I .. ■ ■■-. — .- ■ 

829. What is the use of alumine for purposes of.ir^^t^tion ? 

830. What is the use of it in works of art ? 

831. To what is the transparency of porcelain owing? 
d32. Of what is the glazin? of common earthen-ivare made ? 
833. What is the nature of the colour* .which ^ce vsed for paint^ 

•iog poroelaifi ? 

17* 
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laboratories. It is remarkable for its great weig^ht, and its strong 
alkaline properiies, such as destroying' animal substances, turning 
green some blue vegetable colours, and showing a powerful attrac- 
tion for acids ; this last property it possesses to such a degroe, par- 
ticularly with regard to ihe sulphuric acid, that it will always de- 
tect its presence in any subsUnce or combination whatever, by im- 
mediately tiniiing with it, and forming a sulphat of barytes. This 
renders it a very valuable chemical test. It is found pretty abun- 
dantly in nature in the state of c^arbonat,* from which the pure 
V earth can be easily separated. 

The next earth we have to consider is Lime. This is a substance 
of too;great aiid.general importance to be passed over so lightly as 
the laist. 

X<ime is str6ngly alkaline. In nature it is not met with in its 
• simple state, as |ts affinity for water and carbonic acid is so great 
\ that It is always found combined with these substances, with which 
it forms the common lime-stone ; but it is separated in the kiln from 
these ingredients, which are volatilized whenever a sufficient de- 
gree of heat is applied. 

Emily, Pure lime, then, is nothing but lime-stone, which has been 
deprived, in the kiln, of its water and e'afbonic dicid ? 

Mrs, B, Precisely : in this state it \9 c^\\ed~qiiick-lime^ and it is so 
caustic, th^t it is capable of decomposing the dead bodies of animals 
▼ery rapidly, without their undergoing the process of putrefaction* 
I have here some quick-lime, which is kept Carefully corked up in a 
bottle to prevent the access of air ; for were it all exposed to the at- 
mosphere, it would absorb both moisture and carbonic acid gas from 
it, and be soon slaked- Here is also some lime stone — we shall 
pour a liftle water on each, and observe the effects that result from 
It. 

Caroline. How the quick-lime hisses ! It is become excessively 
hot ! — It swells, and now it bursts and crumbles to powder, while 
the w&ter appears to produce no kind of alteration on the lime- 
ttone. 

Jlfr«. B. Because the lime-stone is already saturated with water, 
whilst the quicklime, which has been deprived of it in the kiln, 
oombihes with it with verv great avidity, and produces this prodi- 
gious disengagement of heat, the cause of which I formerly ex- 
plained to you ; do you recollect it ? 

'Emily. Yes ; you said that the heat did not proceed from the limg 

* The native carbonat of barytes is a rare mineral. It is a viru- 
'^lent poison. The sulphat of barytes is found in considerable abun- 
dance. — C 

" " ■■''■ " ■ ■ ■ I . . ■ . 

834. For what is barytes remarkable ? 

835. For whdt is it valuable ? 

836. Where is it abundantly found ? 

837. What is the Reason that linie is not found in its simple st^te? 
~838. How does lime-stbne differ from pure lime? 

889. WhateffitetwillkiuSck'^lfnne 4iateiipon the dead bodies of 
animals ? 

840. What efiect docs the air produce on q^ck-lime ^ 

841. What effeClMias water on it,? 

842. W^y will not water have an effectotf fimc-stojae as weU as 
upon quick-hme ? 
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bat from the water which was tolidified, and thus parted with its / 
heat of liquidity. ) 

Airs. B. Very well. I/we continue to add successive quantities 
of water to the lime, after l)ein^ siaked and crumbled, as you see,-^ 
it will then gradually be diffused in the water, till it will at length 
be dissolved in it, and entirely disappear y but for this purpose jt / 
requires no less than 700 times its weight of water. This solutions 
is called lime water** ( 

Caroline. How very small, then, is the .proportion of lime dissol- 
ved ! . ^ . ^ 

Mrt.B. Barytes is also of very difficult solution ; but it is much<' 
more soluble in the state of crystals. The liquid contained in this f 
bottle is lime-water : it is often used as a medicine, chiefly, 1 be- 
lieve, for the purpose ofcOntbinrngVith and neutralizing the super- 
abundant acid which it meets with in the stomach. 

Emily. I am surprised that it is so perfectly clear : it does not 
at all pairtakc of the whiteness of the lime. 

Mrs. B. Have you forgotten that, in solutions, the solid body is 
so minutely subdivided by the fluid as to become invijs»ible, and . 
therefore, will not, in the least degree impair the transparency of ; 
the solvent f 

I said that the attraction of lime for carbonic acid was so strong, 
that it would absorb it from the atmosphere. We may see this effect 
by exposing a gUssof lime-water to the air ; the lime will then se- 
parate from'th^ Water, combine with the carbonic acid, and re ap- ^ 
pear on the surface in the form of a white film, which is carbonat ; 
of lime, commonly called chalk. 

Caroline, Chalk is, then, a compound salt ! I never should have 
supposed that those immense beds of chalk, that we see in many 
parts of the country were a salt. Now the white film begins to ap« 
pear on the surface of the water : but it is far from resembling hard 
solid chalk. 

Jlfr«. B. That is owing to its state of extreme division : in a lit- 
tle time it will collect into a more compact mass, and subside at the.- 
bottom of the^glass. ^ 

If you breathe into lime-water, the carbonic a<iid, which is mix^ ; 
with theair th^fyou expire, vvill produce the same effect. It is an ' 
experiment very'easHy made': — I shall.pour some lime-water into 
this glass tube, and, by breathing repeatedly into it, you will soon 
perceive a precipitution of chalk. 

* To make lime-water, take a piece of well burned lime, about 
the size of a hen's erg, put it into an earthen disb, and sprinkle wa- 
ter OP it, tiirit fails mto powder : Then pour on two quartaof boil- 
ing water, and stir it several times, after the lime has setUedi, pour 
off the clear water and cork it for use.— C. 

843. W hy is heat disengaged when water iaput upon quick-liaie? 

844. How miicb water dbejs it take to dissolve lime.^ 

845. Is Barytes- easily dissolv'ed in water ? 

846. Why does not lime-water partake of the whiteness of lime ? 

847. For what has lime a very strong^ttractian ? 

848. Why does a white film coUect on the^urface of lime-wat^r 
OD beiner exposed to the air ? 

849. Why will lime-water turn while if you breathe into it ? 
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Emily. I see already a small white cload formed. 

Mrs, B, It 18 composed of miaute iMirtioles of 'chalk ; at present 
it floats in the water, but it will soon subside 
t CarboDat of lime, or chalk, you see, is insoluble in water, since 
Stbe lime which was dissoWed reappears when cooyerted into chalk; 
but you must take notice of a very singular circumstance, which 
L is, that chalk is soluble in water impregnated with carbonic acid. 
( Ccarolint. It is Tery curioMs, indeed, that carbonic acid and gas 
should render lime soluble in one insfance, and insoluble in the 
other ! 

Jlfr«. B, I have here a bottle of Seltzer water, which you know, 
is strongly impregnated with carbonic acid ; let us pour a little of 
it into a glass of lime water. You see that it immediately forms a 
precipitation of carbonat of lime ? 

Emily. Yfes, a white cloud appears. 

JIfrf. B, I shall now pour an additional quantity of the Seltzer 
water into the lime water. — 

Emily. How singular ! The cloud is re-dissol?ed, and the liquid 
is again transparent. 

Mt9. B. All the mystery depends upon this circumstance, that 
carbonat of lime is soluble in .carbonic acid, whilst it is insoluble in 
water; the first quantity ofcarbonicacid, therefore, which 1 intro- 
duced into the lime water, was employed in forming the carbonat 
df lime, which remained visible, until an addi^onal quantity ofcac- 
bonic acid dissolved it. Thus, you see, when the lime and carbonic 
acid are in proper proportions to form chalk, the white cloud ap- 
pears ; but when the acid predominates, the chalk is no sooner 
formed 'than it is dissolved. 

Caroline. That is now the caise ; but let us try Vrhether a further 
addition of lime-water will a^in precipitate the chalk. 

Emily. It does, indeed ! The cloud re-appears, because, I sup- 
"pose, there is now no more of the carbonic acid than is neccssai^ 
to form chalk; and, in order to dissdlve the chalk, -a superabun- 
dance of acid is required. 

Mrt. B. We hare, I think, carried this experiment far enough; 
erery repetition would but exhibit the same appearande. 

Lime combines with most of the acids, to which the carboQic (as 
being the weakest) res^dily yields it ; but these combinations we 
shall have an opportunity of noticing more particularly hereafter. 
It unites with phosphorus, and wif h sulphur, iti their simple state ; 
in short, of all the earths lime is that which nature employs moat 
frequently, and most abundantly, in its innumerable combinations. 
- It is the basis of all calcareous earths-^nd itones ; we find it like- 
wise in the animal and vegetable creations. 

Emily. And in the arts is not liine of very gresit utility ? 

«Vr«. JB. Scarcely any substance more so ; you know that it^is a 

■ J ' ' ■' ! ■■ ' ■ . - Ill 

650. What is the chemical name of chalk ? 

86 1. WkeU' iM theprocat of making lime-water ? 

862. How may chalk be dissolved ? 

85a What will be the result if Seltzer water be poured into 
lime-water ? 

854. What is the basis of all calcareous.earths and stones? 

855. Of whfit use is lime ia tjie arts .' 



] 
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most essential requisite lo building, as it constitutes the basis of all 
cements, such as mortar, stucco, plaster, &c. 

Lime is also of infinite importance in agriculture ; it lightens and / 
warms soils that are too cold and compact, in consequence of too I 
great a proportion of clay. But it would be endless to enumerate / 
the Tariotts purposes for which it is employed ; and von know epough 
of it to form some idea of its importance y we shall therefore, Uovr 
prodeed to the third alkaline earth, alagvesia. 

Caroline, 1 am already pretty^well acquainted with ihzi earth ; 
it is a medicine. 

Mrs. B, It is in the state of carbonat that magnesia is usually 
employed medicinally; it ^en differs but little in appearance from^ 
its simple form, which is that of a very fine light white powder. It I 
dissolves in 2000 times its weight of water, but farms with acids ex- 
tremely soluble salts. It has not so great an attraction for acids 
as lime, and consequently yields them to the latter. It is found ivt 
a great variety of minejral combinations, such as slate, mica, ami* 
anthus; and more particularly in a certain lime-stone, which has 
been discovered by Mr. Tenant to contain^ it in very great quan-, 
titles. It does not attract and solidify water, like lime ; but when{_ 
mixed with water and exposed to the atmosphere, it slowly absorbs 
carbonic acid from the latter, and thus loses its causticity. Its chief 
use in medicine is, like that of lime, derived from its readiness to • 
combine with, and neutralize, the acid which it meets with in the 
stomach. 

Emily, Yet, you said that it was taken in the state of carbonat, 
in which case, it has already combined with an acid ? 

Mrs, B^ Tes ; but the carbonic is the last of all the acids in the 
order of affinities ; it will therefore yield the magnesia to any of the ^ 
others. It is, however, frequently taken in its caustic state as a rem- / 
edy for flatulence. Combined with sulphuric acid, magnesia forms ) 
another and more powerful medicine commonly /sailed Epsom salt. - 

Caroline. And properly, sulphai of magnesia^ 1 suppose ? Pray, 
bow did it obtain th^ name of £psom salt ? 

Mrs, B, Because there is a spring in the neighborhood of Epsom 
which contains this salt in great abundance. 

The last alkaline earth which we have to mention is strontian, 
or sTRONTiTES, discovercd by Dr. Hope a few years ago." It so 
strongly resembles barytes in its properties, and is so sparingly 
found in nature, and of so little use in the arts, that it will not be 
lAcessary to enter into any particulars respecting it. One of tbis re- 
markable characteristic properties of strontites is, that its salts, 
when dissolved in spirit of wme, tinge the flame a deep red, or 
blood color. 



856. Of what use is lime in agriculture ? 

857. What is the simple form of magnesia ? 

858. Does it attract water ? 

869. What is its chief use in medicine ? 

860. In what state is it used in medicine f 

861. What does it form combined with sulpburip acid? 

862. Why is the sulphat of magnesia cklled Epsom salt ? 

863. Is strontian of any use .' 

864. What is one of the remarkable properties of strontites ? 
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CONVERSATIOH XVI. 

ON ACIDS. 

Mrs, B, We may Doiir proceed to the acids. Of the neialUc 
Qxyds, you have already acquired some general notioos. This sub- 
ject though highly ioterestiDg in its details, is not of sufficient im- 
portance toour coociso view of chemistry, to be particularly treated 
of ; but it is absolutely necessary that you should be better acquaint- 
ed with the acids, and likewise with their combinations with the 
alkalies, which form the triple compounds, called neutral salts. 

This class of acids is characterized by very distinct properties. 
They all change blue vegetable infusions to a red color ; they are 
more or less sour to the taste ; and have a general tendency to 
combine with the earths, alkalies and metallic oxyds. 

Tou have, L believe, a clear idea of the nomenclature W which 
i the base (or radical) of the acid, and the various degrees of"^ acidifi- 
cation, are expressed f 

Emily. Yes, 1 think so ; the acid is distinguished b^ the name of 
its base, and its degree of oxydation, that is, the quantity of oxygen 
it contains, by the termination of that name in out or ie ; thus, sal- 
phureouf acid, is that formed from the smallest proportion of oxygen 
combined with sulphilkr ; sulphurte acid is that which results from 
the combiaation of sulphur with the greatest quantity of oxygen. 

Mrs, B. A still greater latitude may, in many cases, be allowed 
to the proportions of oxygen thai: can be combined with acidifiable 
radicals ; for several of these radicals are susceptible of uniting 
with a quantity of oxygen so small as to be insufficient to give them 
\the properties of acids ; in these cases, therefore, they are coovert- 
'cd into oxyds. Such is sulphur, which, by exposure to the atmos- 
' phere with a degree of heat inadequate to piMjduce inflammation, 
:absorbs a small proportion of oxygen, which colors it red or brown. 
This, therefore, may be considered as the first degree of oxygena- 
tion of sulphur ; the 2d converts it into sulphurcoiw acid. ; the 3d 
into the sulphuric acid ; and 4th|y, if it was found capable of com- 
bining with a still larger proportion of oxygen, it would then be 
termed tuperoxygenated stUphurie acid, 

Emily. Are these various degrees of oxygenation common to all 
the acids ? 

JM^n* B. No ; they vary much in this respect ; some are suscep- 
tible of only one degree of oxygenation : others of tivo or three ; 
there are but very few that will admit of more. 



865. What is an acid ? 

866. How are acids distinguished ? 

867. What is meant by the radical of an acid f 

868. What substance unites to the radical to form an acid ? 

869. How does the language of chemistry distinguish the stronger 
from the weaker acid ? 

870. What term is used to denote the first degree of oxygenation? 

871. When a radical unites with another proportion of oxygen 
after that denoted by ic, what term is used f 

872. Are all acids susceptible of the same degree of o)^ygenatioa ? 
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Caroline. The modem Domenclatare must be of immeDse ad- 
yantag^e in pointing out so easily the nature of the acids, and their 
various degrees of oygenation. 

Mrs, B, Till lately many of the acids had not been decomposed ; 
but analogy afforded so strong a proof of their compound nature, 
that I coui J neyer reconcile myself to classing them with the sim- 
ple bodies, though this diyision has been adopted by seyeral chem- 
ical writers. At present the muriatic and the fluoric, are the only 
acids which have not had their bases distinctly separated. 

Caroline. We baye heard of a g^reat variety of acids ; Pray how 
many are there in all ? 

Jnrtf. B. I believe there are reckoned at present thirty-four, and 
their number is constantly increasing as the science improves ; but 
the most important, and those to which we shall almost entirely 
confine our attention, are but few. I shall, howeyer, give you a 
general view of the whole ; and then we shall more particularly ex- 
amine those that are the most essential. 

This class of bodies was formerly diyided into mineral, vegetable 
and animal acids, according to the substances Arom whicn they 
were comnionly obtained. 

Carolinei That, I should think,* must have been an excellent ar- 
rangement ; why was it altered ? 

Jvr«. B. Because, in many cases it produced confusion. Ih which 
class, for instance, would you place carbonic acid ? 

Caroline. Now I perceiye the difficulty. I should be at a loss 
where to place it, as you have told us that it exists in the animal, 
vegetable and mineral kingdoms. 

Emi^. There would be the same objection with respect to phos- 
phoric, which though obtained chiefly from bones, can also, you 
said, be found in small quantities in stones, and likewise in some 
plants. 

Mrs, B. Ton see, therefore, the propriety of changing this mode 
of classification. These objections do not exist in the present no- 
menclature ; for the composition and nature of each individual acid 
is in some degree pointed out, instead of the class of bodies from 
which it is extracted ; and, with regard to the more |^eneral diyi- 
sion of acids, the^ are classed under these three heads : 

First, Acids of known or supposed simple bases, which are form- 
ed by the union of these bases with oxy||eii. They are the fpl|ow- 

tag: 



873. How maoy acids are there ? 

874. How were ecids ibmeriy diyided ? 

875. What objection was there to this division ? 

876. Under how many general heads or division* wei teida at 
pffeaent placed ? 

BTI. What kind of acids makft the firtt class?. 
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>■ Axsids of kDowo and simple bases. 



( 



The Sulphuric 

Carbonic 

Jfiiric 

Phosphoric 

Arsenical 

Tungstenic 

Molyhdtnic 

Boracic 

Fluoric 

Muriatic 

This class comprehends the most anciently known and most im- 
portant acids. The sulphuric, nitric, and muriatic, were formerly, 
and are slill frequeutlj called mineral acids, 

2dlj. Aci^s that have double or binary radicals, and which con- 
sequently consist of triple combinations. These are the vegetable 
acids, whose common radical is a compqund of hydrogen and carbon. 
Caroline, But if the basis of all the vegetable acids be the same 
it should form but one acid ; it may indeed combine with diflferent 
proportions of oxygen, but the nature of the acid must be the same, 
Mrs. B, The only difference that exists in the bases of vegetable 
acids, is the various proportions of hydrogen and. carboo from 
which tbey are severally composed. But this is enough to produce 
a number of acids apparently very dissimilar. That they do not 
however, differ essentially, is proved by their susceptibility of being 
converted iuto each other, by the addition or subtraction of a por* 
tion of hydrogen of carbon. The names of these acids are, 
TheJiceiie "^ 

Oxalic 

Tartarous 

Citric 

Malic 

Gallic 

Mucous 

Benzoic 

Succinic 

Camphoric 

Suberic- i^ 

The 3d class of acids consist of those which have triple radicals, 
and are therefore of a still more compound nature. This class com* 
prebends the animal acids, which are, 
The Lactic 



Y Acids of double bases, being of vegetable origin. 



Prussic 

Formic 

SonUrie 

Sebacie 

Zomie 

Lithie 



* Acids, of triple batesr or animal acids. 



\ 



878. What 

879. What 

880. What 

881. What 

882. What 

883. What 

884. What 

885. Name 



are their names ? 

ones of this class are called mttiffni aeOs? 

ones make the second division f 

is the common radical of vegetable acids ? 

is the difference in the bases of rejfetable flcidt f 

are the names of the rep'etable acids ? 

ones make the third division of acids?' 

the aoids with triple radicals ? 
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I have given you this summary account or enumeration of the 
acids, as you may find it more satisfactory to have at once an out- 
line or a g^enerai notion of the extent of the subjeet : but we shall 
now confine ourselves to the first class, which requires our more 
immediate attention ; and defer the few remalrks which we shall 
have to make on the others, till we treat of the chemistry of the ani- 
mal and vegetable kingdoms. 

The acids of simple and known radicals are in most instances ca-/ 
pable of being decomposed by combustible bodies, to which they v 
yield tbeir oxygen. If, for instance; I pour a drop of sulphuric acid \ 
CO this piece of iron, it will produce a spot of rust ; you know what '; 
it is ? 

Caroline, Yes; it is an oxyd, formed by the oxygen of the acid 7 
combining with the iron. 

Jdrs, B, In this case you see the sulphur deposits the oxygen by 
which it was acidified on the metal. And again, if we pour some 
acid on a compound combustible substance, (we shall try it on (his 
piece of wood] it will combine with one or more of the constituents 
of that substance, and occasion a decomposition. 

Emily. It has changed the cc lour of the wood to black. How is 
that? 

Jlfr«. B, The oxygen deposited by the acid has burnt it; youS 
know that wood in burning becomes black before il is reduced to \ 
ashes. Whether it derives the oxygen which burns it from the at- 
mosphere, or from any other source, the chemical effect on the 
wood is the same. In the case of real combustion, wood becomes / 
black, because it is reduced to the state of charcoal by the evapora- ) 
tion of its other constituents. But can you tell me the reason why ' 
wood turns black when burjit by the applicajtion of an acid ? 

Caroline, First tell me what are the ingredients of wood ? 

Mrt, B. Hydrogen and carbon are the :^hief constituents of ^ 
wood, as of all other vegetable substaiKses. 

Caroline, Well, then, I suppose that the oxygen of the acid com- 
biDeswith the hydrogen of the wood, to form water; and that the 
carbon of the wood, remaining alone appears of its usual black col- 
our. 

J^rt. B, ^ery well indeed, my dear ; that is ciertainly the most 
plausible explanation. 

Emily, Would not this be a good method of making charcoal ? 

Jkfr« B, It would be an extremely ei^peosive, and I believe very 
imperfect method ; for the action of tbe acid on the wood, and the 
heat produced ^ it, are far from sufficient to deprive the wood of 
ftU its evaporajble parts. 

Caroline, What is the reaaoo that vinegar, lemon, and the acid 
of fruits, do not produce this effect on the wood ^ 

Jdr9, B, TUey:are vegetable acids, whose bases are composed of ^ 

8S6. How can acids of simple radicals be decomposed? 

887. If a drop of sulphuric acid falls on a piece of iron, why does 
it pcodooe rust ? 

888. Why does acid turn wood black? 

889. Why does wood become black in real combastionf 

890. What are the chief constituents of wood ? 

891. Why do not vinegar, lemon, and the other vegetable acidt 
j^rodoce the same effect on wood ? 

18 
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/ hydro^eD and carbon ; the oxygen, therefore, will not bedispoecd 

f to quit this radical, where it is already united with hydrogen. The 

'', strongest of these may, perhaps, yield a Jiitle of their oxygen to the 

wood, and produce a stain upon it, bat the carbon will not be suffi- 

'Cientiy uncovered (o assume its black colour. Indeed, the several 

mineral acids themselves possess this power of charring wood in 

very different degrees. 

Emily, Cannot vegetable acids be decomposed, by any combus- 
tibles ? 

•Mrs. B. No : because their radical is composed of two substan- 
ces which have a greater attraction for oxygen than any known bo- 
; dy. 

I Caroline, And are those strong acids, which burn and decom- 
pose wood, capable of producing similar effects on the skin and 
flesh of animals f 
•jMrft. B. Yes ; all the mineral acids, and one of th^m more es- 
/ pecially, possess powerful caustic qualities. They actually corrode 
'l and destroy the skin and flesh ; but they do not produce upon these 
\ exactly the same alteration they do on wood, probably^ became 
'there is a great proportion of nitrogen and other substar^ces in ani- 
mal matter, which prevents the separation of carbon from being so 
conspicuous. 



CONTfiRSATION XVII. 

OF THE SULPHURIC AND PHOSPHORIC ACIDS ; OR flTHE COM- 
BINATIONS OF OXYGEN WITH SULPHUR AND PHOSPHORUS ; 
AND\i)P T^B eULPHATS AND PH0SPHAT8.. 

Jtfr«. B. In addition to the general survey whicb we have taken 
of acids, I think you will find it interesting to examine individually, 
a few eif vthe most important of them, and likewise some of their 
principal combinations with the alkalies, alkaline earths, and metals. 
The first of these acids, in point of importance, is the suLPHifRfc, 
formerly called oil of vitriol. 

Caroline, I have known it a long tiraeJ>y that name, but had bo 
idea that it was the same fluid assulphurioacid. What resemblance 
or connection can there be between oil of vitriol and this acid ? 

Mn. B. Vitriol is the common name for sulphat of iron, a salt 

which is form^ by the combination of sulphuric acid and iron : the 

.-sulphuric acid was formerly obtained by distillation from this salt, 

.'?and it very naturally received its^.oaBie from the substance wbioh 

afforded it 
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89«. Why cannot vegetable acids be decomposed by combnstibUMi? 
893. I>o the roioeral acidt kave the same effiect on tbesh^n ai|d 
flesh of animala as on wood ? 
S94. If fbey do not what is tbe reason ? 
895. What is the proper chemical name bfcil of vitrioli 
V 89j6. Wl^:.wa»it called oil of vitriol.' 
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Caroline. Butit is still usually called oil of vitriol ? 

Mrt, B. Yes : a sufficieut lengfth of time has not yet elapsed, 
tiiiice the ioreation of tVid new nomenclature, for It to be generally 
cbsseminated ; but, as it is adopted by all scientific chemists, there 
is every reason to suppose that it will g'radually become universal. 
When I received this bottfe from (he chemists, oil of vitriol was in- 
scribed on the label ; but as I knew 3'ou were very punctiHious in re- 
gfard to the nomenclature, I changed it, and substituted the words 
ndphuric acid. 

kmiiy. This acid has neither colour nor smell, bbt it appears ' 
much thicker than water. 

Mrs. B. It is nearly twice as heavy as water, and has, you see,s. 
an oily consistence. ^' 

Caroline. And it is probably from this circumstance (hat it has 
been called an oil ; for it can have no real claim to that name, as it 
does not contain either hydrogen or carbon, which are the essential 
constituents of oil. 

J^rs. B. Certainly, and therefore, it would be the more absurd 
to retain a name which owed its origin to such a mistaken analogy. * 

Sulphuric acid, in its purest state would probably be a concrete ^ 
subbtance, but its attraction for water is such, that it is impossible 
to obtain that acid perfectly free from it: it is, therefore, {ilways 
seen in a liquid form, such as you here find it. One of the most 
striking properties of sulphuric acid is that of evolving a considera- 
ble quantity of heat when mixed with water; this 1 have already 
shown you. .• 

Emily, Yes, I recollect it; but what was the degree of heat pro- ' 
ducrd by that mixture .' 

J^lra. B. The thermometer may be raised by it to 300 degrees, 
Tfhiclj isconsiderahly above the temperature of boiling water. 

Caroline. Then the water may be made to boil in that mixture.^ 

tMra, B. Nothing more easy, provided that you emph>y sufficient , 
quantities of acid and of water, and in the due proportions. The 
greitost heat is produced by a mixture of one part of water to four 
of the acid ; we shall make a mixture of these proportions, and 
immerse in it this thin glas<« tube, which is full of water. 

Cnroline. The vessel feels extremely hot, but the water does not 
boil yet. 

\Mr». B. You must allow some time for the heat to penetrate the 
tube, and raise the temperature of the water to the boiling point — 

Cnroline. Now it boils— and with increasing violence. 

JIfr*. B. But it will not continue boiling long : for the mixture 
gfives out heat only while the particles of the water and the acid are 
mutually penetrating each other ; as soon as the new arrann:ement , 

897. What is the colour and smell of this acid? 

893. What is its weight .> 

899- W hat would sulphuric acid be in its purest state .' * 

900. What is the consequence of mixing it with water ? 

9**1. What is one of its most striking properties } ^ 

902. How high may a thermometer be raised by it ? » 

903. In what proportions must sulphuric acid and water be mix- 
ed in order to produce the greatest degree of heat. ^ 

904. Why does the mixture of sulphuric acid and water give out 
heat only for so stjort a time ? 
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of these particles is affected, the mixture will gradually cool, and 
the water returo to its former temperature. 

You have seen the manner in which sulphuric acid decompoBes 
all combustible substances, whether animal, vegetable, or miaeral, 
and burns them by means of its oxygen ? 

Caroline, I have very unintentionally repeated the experimeot 
on my gown, by letting a drop of the acid fall upon it, and it has 
made a btain, which I suppose will never wash out. 

JIfrf. B. No, certainly ; for before you can put it into water, the 
spot will become a hole, as the acid has literally burnt the muslin. 

Caroline. So it has indeed ! Well, I will fasten the stopper, and 

Eut the bottle away, for it is a dangerous substance.-^Ob, now I 
ave done worse siill, for I have spilt some on my hand I 

Mra. B. It is then burned, as well as your gown, for you know 
that oxygen destroys animal as well as vegetable matter ; and as 
far as the decomposition of the skin of your finger is effected, there 
is no remedy ; but by washing it immediately in water, you will di- 
lute the acid, and prevent any further injury. 

Caroline. It feels extremely hot, I assure you. 

Mra, B. You have now learned by experience, how cautiouslv 
this acid must be used. You will soon become acquainted with 
another acid, the nitric, which, though it produces less heat on the 
skin, destroys it still quicker, and makes upon it an indelibly stain. 
You should never handle any substances of this kind without pre- 
viously dipping your fingers into water, which will weaken their 
caustic effect. But, since you will not repeat the experiment, I 
must put in the stopper, for the acid attracts the moisture from the 
atn^osphere, which would destroy its strength and puritv. 

Emily. Pray, how can sulphyrig acid be extracted from sulpbat 
of iron by distillation ? 

Jtf r«. B. The process of distillation, you know consists in sepa- 
rating substances from one another by means of their different de- 
grees of volatility, and by the introduction of a new chemical agent, 
caloric. Thus, if sulpliat of iron be exposed in a retoK to a proper 
degree of heat/ it will be decomposed, and the sulphuric acid will 
be volatilized* 

Emily- But now that the process for forming acids by the com- 
bustion of their radicals is known, why should not this method be 
used for making sulphuric acid ? 

•A/f «. B. This is actually done in most manufactures ; but the 
usual method of preparing sulphuric acid does not consist in barn- 
ing the sulphur in oxygen gas (as we formerly did by way of ex- 
periment,] but in heating it together with another substance, nitre, 
which yields oxygen in sufficient abundance to render the combus- 
tion in common air rapid and complete. 

Caroline. This substance, then, answers the same purpose as ox- 
ygen gas? 

Mra. B. Exactly. In manufactures the combustion is performed 
in a leaden chamber, with water at the bottom, to receive the va- 
pour and assist its condensation. The combustion is however, never 
so perfect but that a quantity of aulphureoua acid is formed at the 

*— ^^^^— ^^^— — — ^ * ■■■■■■ ■ ■■-„._■>■.,. . _. — " -1 -' — — — -■ ■ — ' 1 

905. How does sulphuric compare with nitric acid f 

906. In what coosis^.s the process ofdtstillationf 

907. How is sulphuric acid obtained ? 
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same time ; for, if you recoUect that tbe sulphureous acid, accord- / 
iDglo the chemical nomenclature, differs from the sulphuric only) 
by containing less oxygen. 

From its own powerful properties, and from the various combina- 
tions into which it enters, sulphuric acid is of great importance in 
man^ of the arts. 

It is used also in medicine in a state of great dilution ; for were 
it taken internally, in a concebtrated state, it would pro^e a most 
dangerous poison. 

Caroline. I am sure it would burn the throat and stomach. 
Mrs. B. Can you think of any thing that would prove an anti- 
dote to this poison ? 

Caroline. A large draught of water to dilute it. 
Mrs. B That would certainly weaken the caustic power of the 
acid, but it would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properties 
more effectually ? 

Emily* An Alkali might, by combining with it ; but, then, a pure 
alkali is itself a poison, on account of its causticity. 

Mrt. B. There is no necessity that the alkali should be caustic. ( 
Soap, in which it is combined with oil ; or magnesia, either in tbe ^ 
state of carbonat, or mixed with water, would prove the best anti- 
dote. 

Emihf. In those cases then, I suppose, the potash and the mag- 
nesia would quit their combinations to form salts with the sulphuric 
acid ? 
Jdrs. B. Precisely. 

We may now make a few observations on the sulphureous acid, 
which we* have found to be the product of sulphur slowly and im- 
perfectly burnt. This acid is distinguished by its pungent smell, 
and its saseous form. 

Caroline. Its aeriform state is, I suppose, owing to tbe smaller 
proportion of oxygen, which renders it lighter than sulphuric acid.' 
Mrs. Bt Probably ; for by adding oxygen to the weaker acid, 
it may be converted into the .stronger kind. But this change of 
state may also be connected with a change of affinity with regard 
to caloric. 

Emily. And may sulphureous acid be obtained from sulphuric 
acid by a diminution of oxygen f 

JUrs. B. Tes ; it can be done by bringing any combustible 8ub-(' 
ftance in contact with the acid. This decomposition is most easily ) 
performed by some of the acids ; these absorb a portion of the oxy- ] 
gen from the sulphuric a^d, which is thus converted into the sul- 
pbarcous, and flies off in its gaseous form. 

Caroline. And cannot tbe sulphureous acid itself he decomposed 
and reduced to sulphur ? 

Mrs. B. Yes ; if this gas be heated in intact with charcoal, the 
oxygen of the g^s will combine with it, and the pure sulphur will 
be regenerated. 
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908. Hem does sulphureous acid differ from sulphuric i 

909. What would prove the best remedy to a person who bad 
swallowed sulphuric acid f 

910. How may sulphureous acid be obtained ? 

91 1. How can the sulpk^uric acid be changed to the sulphureous^ 

912. How cao sulpburaous acid be r^uced tq sulphur f 
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Sulpbafeous acid is readily absorbed by water ; and in this liquid 

state it is found particularly useful io bleaching linen and woollen 

. cloths, and is much used in manufactures for those purposes. 1 

*^ can show you its effect in destroying colours, by taking out vegeta- 

^ ble stains — I think I see a spot on your gown, £mily, on which we 

i may try the experiment. 

Emily. It is the stain of mulberries ; but I shall be almost afraid 
of exposing my gown to the experiment, after seeing the effect 
which the sufpbunc acid produced on that of Caroline — 

Mrs. B. There is no such danger from the sulphureous ; but the 
experiment must be made with great caution, for during the forma- 
tion of sulpliureous acid by combustion, there is always some sul- 
phuric produced. 

Caroline. But where is your sulphureous acid ? 
^' Mrs. B. We may easily prepare some ourselres, simply by burn- 
ing a match.; we must first wet the stain with water, and now hold 
it io this way, at a distance over the lighted match; the vapour 
that arises from it is sulphureous acid, and the stain, you see, gradu- 
ally disappears. 

lEmily, I have frequently taken out stains by this means, with- 
out understanding the nature of the process. But why is it neces- 
sary to wet the stain before it is exposed to the acid fumes? 

Jifr«. B. The moisture attracts and absorbs the sulphureous 
acid ; and it serves likewise to dilute any particles of sulphuric acid 
which might injure the linen. 

Sulphur appears to be susceptible of a third combination of oxy- 
gen, in which the proportion of the latter is too small to render the 
sulphur acid. It acquires this slight oxygenation by mere exposure 
to the atmosphere, without any application of heat ; in this case 
the sulphur does not change its natural form, but is only discolonr- 
ed, being changed to red or brown, a state in which it may be 
considered an oxyd of sulphur. 

Before we take leave of the sulphuric acid, we shall say a few 
words of its principal combinations. It unites with all the alkalies, 
alkaline earths and metals, to form compound salts. 

Caroline, Pray, give me leave to interrupt you for a moment : 
you have never mentioned any other salts than the compoand or 
neutral salts ; is there no other kind ? 

Jlfr^. B, The term sail has been used, from time immemorial, as 
a kind of a general name for any substance that has savour, oAonr, 
is soluble in water, and crystallizable, whether it be of an acid, an 
alkaline or compound nattire : but the compound salts alone retain 
that appellation in modern chemistry. 

The most important of the salts formed by the combinations of the 
sulphuric acid, are, first, sulphat ofpoiashy formerly called talpolu- 
ehrest i this is a very bitter s»lt, much used in medicine ; it is foood 
in the a§))es of most vegetables, but it may be prepared artificially 
by the immediate combination of sulphuric acid and potash. Thit 



^13. What important ^se is made of this a<;id ? 
914. What is the easiest process for making this acid ? 
915; How would yon describe a tbird combination of sulphni^ 
with t)xygen ? 

9 1 6. W ith what does sulphuric acid anite ? 

917. What is the meaning of the term saltr 
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salt 18 easilj soluble in boiling" water. Solubility is, indeed, a prop- 
erly common to nil salts ; and Ihey always produce cold in meltings 

Emily. That must be owing to the caloric which they absorb \A ^ 
passing- from a solid to a fluid form. (' 

Airs. B. That is, certain lyTthe most probable explanation. 

Suiphat (fSoi/ay commonly called Glauber's salt, is another me- i 
dicinal salt, which is still more bitter than the preceding. We must | 
prepare some of these compounds, ihaf you may observe the phe- 
nomena which take place during their formation. We need only * 
pour some sulphuric acid over the soda which I have put into tbiiC 
glass. I 

Caroline. What an amazing heat is disengaged ! — I thought yon' 
said that cold was produced by the melting of salts? 

Mrs. B. But you must observe that we are now makings not mc//- 
ing^ a salt. Heat is disengaged during the formation of compound 
salts^ and a faint light is also emitted, which may sometimes be per- 
ceived in the dark. 

Emily. And is this heat and light produced by the union of the 
opposite electricities of the alUali and the acid r 

Jtfrf. B. No doubt it is, if that theory be true. 

Caroline. The union of an acid and an alkali is then an actual 
combustion ? 

Mrs,B. Not precisely, though there is certainly much analogy 
in these processes. 

Caroline, Will this suiphat of soda become solid ? 

Jkfrf. B. We have not, I suppose, mi:&ed the acid and the alkali 
in the exact proportions which are required for the formation of 
the salt, otherwise the mixture would have been almost immediate- 
ly changed to a solid mass ; but in order to obtain it in crystals, as 
you see it in this bottle, it would be necessary first to dilute it witb^ 
water, antf afterwards to evapdrate the water, during which opera- 
tion the salt would gradually crystallize. 

Caroline. But of what use is the addition of water, if it is after- 
wards to be evaporated ? 

Mrs. B. When suspended in water, the acid and the alkali are 
more at liberty to act on each other, their union is more complete, 
and the salt assumes the regular form of crystals during theslow^ 
evaporation of its solvent. 

Suiphat of soda liquefies by heat and effloresces in the air. 

Emihf. Pray what is the meaning of the word ejfhresceB ^ I do 
iTot recollect your having mentioned it before. 

Mrs. B. A salt is said to effloresce when it loses its water of crys- 
tallization on being exposed to the atmosphere, and is thus gradual-, 
ly converted into a dry powder : you may observe that these crys^ 
tals of suiphat of soda are fwr from possessing the transparency 
which belongs to their crystalline state ; they are covered with a 
while powder, occasioned by their having been exposed to the at- 
mosphere, which has deprived their surface of its lustre^ br absorb- 
ing its water of crystallization. Salts are, in general, eitner ^fihr- 
eseerU or deUqueseerU : this latter property is preeisdy the reverse of 

918. Why do the salts produce isold in melting > 

919. By what name is the suiphat of soda caUed ? 
' 920. How can suiphat of soda be fbrmed ? 

921. What is the signification of the word effloresces ? 
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the former ; that is to s^iy, deliquescent salts absorb water from the 
atmosphere, and are moistened and gradually melted by it. Muriat 
of lime is an instance of great deiiqaescence. 

. Emil^ Bat are there no salts that have the same degree of at- 
traction for water as the atmosphere, and that will consequently 
not be affected by it ? 

Jlfrf. B. Yes : there are many such salts, as, for instance, com- 
mon salt, salphat of magnesia, and a varietv of others. 
StUphat oflimeiB rery frequently met with in nature, and consti- 
( totes the well known substance called gypsom or pkuter rfparit* 
/ StUphat of magnesia^ commonly called t^ptonncUi^ is another very, 
bitter medicine, which is obtained from sea- water and from several 
springs, or may be prepared by the direct combination of its ingre* 
dients 

We have formerly mentioned «u7;»A4i<o/'aiujrun« as constituting 
the common alum; it is found in nature chiefly in the neighborhood 
of volcanoes, and is particularly usefulin the arts, from its strong 
! astringent qualities. It is chiefly employed by dyers and calico- 
/ printers, to fix colours ; and is used also in the manufacture of 
\ some kinds of leather. 

Sulphuric acid combines also with the metals. 
Caroline. Ooe of these combinations, n^p^/o/'tron, we are al- 
ready well acquainted with. 
; Mrs, B, This i« the most important metallic salt formed by snl- 
j phuric acid, and the only one which we shall here notice. It is of 
' great use in the arts ; and in medicine, it affords a rery valuable 
. tonic ; it is of this salt that most of those preparations called tUd 
medicines are composed. 

Caroline* But does any carbon enter into these compositions to 
form steel f ^ 

Jtfr#. B, Not an atom : they are, therefore, very improperly cal- 
ted steel ; but it is the vulgar appellation, and medical men them- 
selves ofllen comply with the general custom. 

Sulphat of iron may be prepared, as you have seen, by dissolving 
il^n in sulphuric acid : but is generally obtained from the oatursd 
production called Pyrites, which being a sulphuret of iron, requires 
only exposure to the atmosphere to be oxydatedj in order to form 
the salt ; this, therefore, is much the most easy way of procuring 
it on a large scale. 

Emily, 1 am surprised to find that both acids and compound salts 
are generally obtained from their various combinations, rather than 
from the immediate union of their ingredients. 

Mrs, B. Were the simple bodies always at hand, their combina- 
tions would naturally be the most convenient method of forming 
compounds ; but you must consider that, in most instances, there it 
great difficulty and expense in obtaining the simple ing^redient from 

-^ - - * 

939. What is the signification of the word deliquescent? 
923. What substance is frequently found in nature, the same aa 
•ulphat of lime f 

994. i^rom what is the sulphat of magnesia obtained ? 

925. Where is the sulphat of alumine chiefly found? 

926. For what purpose is it used ? 

927. From what is the sulphat of iron obtained ? 

928. How is sulpbat of iron manufactured in the lai^e way f 
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their corobinatioDs ; it is, therefore, often more ezpedieot to procure 
compounds from the decompoeition of other compounds. But, to 
return to the sniphat of iron. There is a certain vegetable acid 
called gcUlic acid, which has the remarkable property of precipitat- 
ing this salt black — I shall pour a few drops of the gallic acid into I 
this solution of sulphat of iron — 

CareltTie, It is become as black as ink ! 

^ Jjirs B. And it is ink in reality. Common writing ink is a pre- * 
cipifate of sulphat of iron by gallic acid ; the black color is owing' 
to the formation of gallat of iron, which being insoluble, remains 
suspended m the fluid. 

^ This acid has also the property of altering the color of iron in 
its metallic state. Tou may frequently see its effect on the blade of 
a knife, that has been used to cut certain kinds of fruits. 

CaroHne. True ; and that is, perhaps, the reason that a silver 
knife is preferred to cut fruits ; the gallic acid, i suppose, does not 
act upon silver. — Is this acid found in all fruits ? 

JIfrf. B. It is contained, more or less, in the rind of most fruits 
and roots, especially the radish, which, if scraped with a steel or iron 
knife, has its bright red color changed to a deep purple, the knife 
beinsf at the same time blackened. But the vegetable substance 
in which the gallic acid most abounds, is nutgaU, a kind of ex-> 
cresence that grows on oaks, and from which the acid is commonly: 
obtained for its various purposes. 

J\irs. B, We now come to the phosphoric and phosphorous 
ACIDS. In treating of phosphorus, you have seen how these acids 
may he obtained from it by combustion. 

Emily, Yes ; but I should be much surprised if it was the usual 
method of obtaining them, since it is so very di£Scult to procure 
phosphorus in its pure state. 

J^rs. B. You are right, my dear ; the phosphoric acid, for gene- 
ral purposes, is extracted from bones, in which it is contained in the 
state of phosphat of lime ; from this salt the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines with the lime. In 
its pure state, phosphoric acid is either liquid or solid, according to 
its degree of concentration. 

Among the salts formed by this acid, phosphat of lime is the only 
one that affords much interest ; and this, we have already observed, 
constitutes the basis of all bones. It is also found in very small 
quantities in some vegetables. 



929. Hoiv may the sulphat of iron be turned black ? 

930. Why is a knife turned black in cutting, fruit .' 

93 1 . In what vegetable substance does gallic acid mostly abound ? 
93Z Where is the phosphat of lime found ? 
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COlfVERSATlON J Yin. 

OP^THB NITKIC AND CARBONIC ACIDS ; OR THE COMBINATtONS 
OF OXYGEN WITH NITROGEN AND CARBON ; AND OF THE 
NITRATS AND CARBONATS. 

. ^n. B. I am almost afraid of introducing the subject of the 
ViTRic ACID, as 1 am sure that I shall be blamed by Caroline for 
not having made her acquainted with it before. 

Caroline, Whj so,. Mrs. B. ? 

J^Srs, B* Because you have long known its radical, which is ni- 
trogen, or azote ; and in treating of that element, I did not eyen 
hint that it was the basis of an acid. 

Caroline. And what could be your reason for not mentioning this 
acid sooner ? 

•Mrs. B. I do not know whether you will think the reason suffi- 
ciently good to acquit me ; but the omission, I assure you, did not 
proceed from negligence. You may recollect that nitrogen was one 
of the first simple bodies which we examined ; you were then igno- 
rant of the theory of combustion, which I believe was, for the first 
time, mentioned in that lesson ; and therefore it would have been 
in Tain, at that time, to have attempted to explain the nature and 
formation of acids. 

Caroline. 1 wondfer, however, that it never occurred to us to in- 
quire whether nitrogen could be acidified ; for, as we knew it was 
classed among the combustible bodies, ii was natural to suppose that 
it might produce an acid. 

mMrs. R. That is not a necessary consequence ; for it might com- 
bine with oxygen only in the degree requisite to form an oxyd. But 
you will find that nitro«:en is susceptible of various degrees of oxy- 
genation, some of which convert it merely into an oxyd, and others 
give it all the acid properties. 

The acids, resulting from the combination of oxygen and nitro- 
gen, are called the nitrous and nitric acids. We will begin with 
the nitric, in which nitrogen is in the highest state of oxygenation. 
This acid has sio powerful an attraction for water that it has never 
) been obtained perfectly free from it. But water may be so strongly 
impregnated with it as to form an exceedingly powerful acid solu- 
tion. Here is a bottle of this acid, which you see, is quite limpid. 

Caroline, What a strong offensive smell it has ! 

•Mrs. B. This acid contains a greater abundance of oxygen than 
^'Siny other ; but it retains it with very little fbrse. 

Emily. Then it must be a powerful caustic, both from the facility 
with which it parts with its oxygen, and the quantity which it affords. 



933. What is the radical of nitric acid.? 

934. What acids are formed by the combination of nitrogen and 
oxygen ^ 

935. How does nitric acid naturally exist ? 

936. How does this compare with other acids as to the quantity 
of oxygen contained in it ? 

937. To what is the great causticity of nitric acid owing ? 
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Mn. B, Very well, Emily ; both causes and efiecU are exactly 
such as you describe ; nitric acid burns and destroys all kinds of 
orgfanized matter. It even sets fire to some of the roost combustible 
substances. — We shall pour a little of it over this piece of dry 
warm charcoal* — you see it inflames it immediately ; it would do 
the same with oil of turpentine, phosphorus, and several oiher very 
combustible bodies. This shows you how easily this acid is decam- 
-. posed by combustible bodies, since these effects must depend upon 
the absorption of its oxygen. 

Nitric acid has been used in the arts from time immemorial ; but 
it is only within these twenty- five years that its chemical nature bas 
^ been ascertained. The celebrated Mr. Cavendish discovered that ^ 
it consisted of about 10 parts of nitrogen and 25 of oxjgen.f These } 
priqciples, in their g^eous state, combine at a high .temperature ; * 
.and*this may be effected by repeatedly passing the electoral spark 
; through a mixture of the two gases. 

Emily, The nitrogen and oxygen g^es, of which the atmosphere 
is composed, do not combine I suppose, because their temperature 
is not sufficientljT elevated. 

Caroline, But in a thunder- storm, when the lightning repeatedly 
passes through them, may itjfiot produce nitric acid ? We should bie 
.m.a strange situation, if a vielent storm should at once convert the 
atmosphere into nitric acid. 

Jdrt, Bm There is no danger of it, my'dear : ' the lightning can %ii 
feet but a. very small portion of the atmosphere, and t|iough it wer 
occasionally to produce a* Iktle nitric acid, it never could happen to ' 
such an extent as to be perceivable. 

EmUy, But how could the nitric aeid be known, and used, before 
the method of combining its constituent was discovered ? 

Mrs, B. Previous to that period the nitric acid was obtained, 
and it is indeed «til] extrgcted, for the common purposes of art, 
from the compoapd salt wliich it forms with pot-ash, commonly cLalU 
-^ftiire. 

Caroline, Why is it so' called ? Pray, Mrs. B., let these old un- 
meaning names be entirely g^iren up, by uaat least; and let us e»ll 
this salt fit/rol of poi-'Otk. 



* To inflame charcoal, a stronger acid than that sold at the sbo|n 
is necessary. The experiment with oil, turpentine, and pbospfao* 
: rus, succeeds, if aboat a sixth part of sulph. acid is added to the ni- 
tric acid. The experiment with the turpentine requires caution. 
The vial containing^-theuictd must be tied to a stick, a yand or two 
long, the operator poori«g it into a small cmantity of the tnrpentiae 
standing at a distvinoe.—- C. 

f The proportioii etated by Sir H. Davy, in his Cbemioal Re- < 
Bearehes, is as 1 to 2,389. 

_ ^_ - ■ . ■■■■■! 

938. Whatis the reason why nitric acid inflames charcoal, oil of 
- turpentine, icd. ? 

939. Wliat are the pn>portioiM of oxygen and nttrogec^ia nitric 

• acid? - . . . 

940. What is the reason^ that the oxygen and nitrogen of wnicih 
the atmosphere is composed, do not combine and form oitrie acid ? 

941. Why does not lightning proda^ this elearatUvi..of tenip^i^- 
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Mrs. B. With all my heart ; hot it is necessary that I should, at 
least, mention the old names, and more especially those which are 
yet in common use ; otherwise, when you meet with them, you 
would not be able^to understand their meaning. 

Emily, And how is the acid obtained from this salt ? 

Jtfrs. B. By the intervention of sulphuric acid, which combines 
with the pot-ash, and sets the nitric acid at liberty. This I can 
ieasily show you, by mixing some nitrat of potash and sulphuric acid 
in this retort, and healing it over a lamp ; the nitric acid will come 
j over in the form of vapour, which we shall collect in a g-lass bell. 
/ This acid diluted in water, is commonly called aquafortis, if Car- 
i oline will allow me to mention that name. 

Caroline. J have often heard that aqua fortis will dissolve almost 

all metals ; it is no doubt because it yields its oxy^^en so easily. 

/ •Mrs, B, Yes ; and from this powerful solvedt property, it deriv- 

( ed the name of aqua fortis, or strong water. Do you not recol- 

\ lect, that we oiydated, and afterwards dissolved, some copper in this 

acid ? ^ 

Emily, If 1 remember right, the nitrat of copper was the first in- 
stance you g'ave us of a compound salt. 

Caroline. Can the nitric acid be completely decomposed and con- 
verted into nitrogen and oxygen ? 

Emily. That cannot be the case, Caroline ; since the acid can be 
decomposed only by the combination of its constituents with other 
bodies. 

Mrs, B, True ; but caloric is sufficient for this purpose. 

By making the acid pass through a red hot porcelain tube, it ia 
decomposed ; the nitrogen and oxygen reg^ain the caloric which 
they had lost in combining, and are thus both restored to their gas^ 
eous state. 

The nitric acid may also be partly decomposed, and is by this 
means converted into nitrous acid. 

Caroline, This conversion must be easily effected, as the oxygen- 
is 80 slightly combined with the nitrogen. 

J€r». B. The partial decomposition of nitric acid is readilj^ ef- 
fected by most metals; but it is sufficient to expose the nitric acid to 
a very strong light to make it give outoxygfen gas, and thus be con- 
verted into n itroHS acid. This latter acid appears in various degrees 
of strength, according to the proportions of nitrous acid g^ and 
water of which it is composed; the strongest' is a yellow color, aa 
yon see in this bottle. 

CaroUne* How it fumes when the stopper is taken out ! 

JIfrf . B. The acid exists naturallv in a f^aseous state, and is hers 
se strongly concentrated in water, that it is constantly escaping. 

Here is aaotber bottle of nitrous acid, which, you see, is of am or^ 
ange red : this acid is weaker, that is, contains a smaller quantity •f 
the acid gas ; and with a stijil less proportion of the gas it is of an 



942. How is nitric acid obtained from the nitrate of potash ? 

943. What is the common name of nitric acid diluted in water ? 

944. What is the propriety of the name aoua fortisi 

945. How may tiitric aoid be decomposed r 

946. How can nitrous acid be formed ? 

947. How may the color of water be effected t>y the differeoC 
portions of nitrous acid with which it is combined/ 
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olive green colour, as it appears in this third bottle. In short, the 
weaker the acid, the deeper is its colour. 

Nitrous acid acts still more powerfully on some inflammable sub- 
.stances than the nitric. 

Emily, I am surprised at that, as it contains less oxygen. 
Mrs. J5. But, on ihe other hand, it parts with its oxygen much/ 
more readily : you may recollect that we once inflamed oil with \ 
this acid. / 

The next combinations of nitrogen and oxygen form only oxyds' 
of hitrog'en, the first of* which is commonly called nitrous air ; or 
more properly nitric oxydgas.* This njay be obtained from nitric ( 
-acid, by exposing the latter to the action of metals, as in dissolving i 
them it does not yield the whole of its oxygen, but retains a portion ^ 
of this principle su^cieot to convert it into this peculiar gas, a spe- "> 
cimen of which 1 have prepared, and preserved with tbfs inverted > 
^lass bell. 

Emily. It is a perfectly invisible elastic fluid. 
JITr*. B. Yes ; and it. may be kept any length of time in this man- 
'Oer over water, as it is not, like the nitric and nitrous acids, absorb- 
able by it. It is rather heavier than atmosplierical air, and is inca- 
pable of supporting either combustion or respiration. I am goings 
to incline the glass^ently on one side, so as to let some of the gas 
escape — 

Emily. Flow very curious !— It produces orange fames like the 
Bitroiis acid ! that is the more extraordinary, as the gas within the 
glass is perfectly invisible. j 

Mrs. B. It would give me much pleasure if you could make out 
the reason of this curious change, without requiring any further ' 
explanation. 

Caroline. It seems, by the colour and smell, as if it were convert- 
ed into nitrous acid gas ; yet that cannot be, unless it combines 
with more oxygen ; and how can it obtain oxygen the very instant 
it escapes from the glass ? 

Emily. From the atmosphere, no doubt. Is it not so, Mrs. B. ? 
Mrs. B. You have guessed it ; as soon as it comes in contact with 
•the atmosphere, it absorbs from it the additional quantity of oxygen, 
.aecessary to convert it into nitrous acid gas. And, if I now remove 
the bottle entirely from the water, so as to bring at once the whole 
.4)f the gas in contiict with the atmosphere,, this conversion Yf\\\ np^ 
4>ear still more striking. 

Emily. Look, Caroline, the whole capacity of the bottLe^is4{^<• 
.fitantly tinged of an orange colour ! 

Mrs. B, Thus you see, it is the most easy process imaginable to 

* To procure nitrous air, put into a retort some filings, or shav- 
-ings of copper, on which potir nitric acid, diluted with four or five 
parts of water ; then apply the heat of a lamp, and receive the gas in 
^be usual way, over water. — C. 

948. Why does nitrous acid act more powerfully oo ^omeinflam- 
raable substances than nitnc acid ? 

949. How can nitrous air, or nitric oxyd gai be obtaiDed^.^ 

950. How can this gas be preserved ? 

951. How.eAli.|iitri0us oxyd gas l>e.,converted into nitrous tci^ 

i9 
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I 

convert nitrous oxydgat, into nitrous acid gas, Tbe property of at- 
tractingf oxygen from the atmosphere, without aay elevation of teiO'- 
j perature, has occasioned this gaseous oxyd being used as a test, for 
] ascertaining the degree of purity of the atmosphere. I am going to 
^ show you bow it is applied to this purpose. — CSTou see this graduated 
glass tube, which is closed at one end, (see fig. 30,) I first fill it with 
water, and then introduce a certain measure of nitrous gas, which, 
not being absorbable by water, passes through it, and occupies the 
upper part of tbe tube. I must now add rather above two-thirds of 
oxygen gas, which will just be sufficient to convert the nitrous oxyd 
gas into nitrous acid gas. 

Caroline, So it has !— T saw it turn of an orange colour ;.'bHt it 
immediately .afterwards disappeared entirely, and the water, yoa 
see, has risen, /and alinost fiUod the tube. 

Mrs, B, That is Jiecauae the acid gas is .absorbable by water, 
and in proportion as the gas impregnates the water, the latter rises 
in the tube. When tbe oxygen >gas is very pure, and the required 
proportion of nitrous oxyd gas^ very exact, the whole is absorbed by 
the water ; but if any other gas be mi^ed with the oxygen, instead 
of combining wi^ tbejiitrous oxygen, it will remain and occupy the 
upper part of the tube : or4f the gases be not in the due proportioq, 
there will be a residue of that which predominates. — Before weleavie 
this subject, 1 must not forget to remark that nitrous acid may be 
formed, by dissolving nitrous oxyd gas in nhric acid. This solution 
may be effected simply, by making but>ble8bf nitrous oxyd gas pass 
through nitric acid. 

Emily, That is to sav, that nitrogen at its highest degree of oxy- 
genation, being mixed with nitrogen at its lowest degree of oxy- 
genation, will produce a kind of intermediate substance, which is 
nitrous acid. 

Mrs. B, Tou have stated the fact with great precision.— Tbepe 
are various other methods of preparing nitrous oxyd, and of obtain- 
ing it from compound bodies ; but it is not necessary to enter inUi 
these particulars. It remains for me only to mention another curi- 
/ ous modification -of oxygenated nitrogen, which has been distinguisii* 
\ ed by tbe name of gaseous oxyd of nitrogen. It is but lately thsi^ 
; tliis gas has been accurately examined, and its properties have been 
.- investigated chiefly-by Sir H* Davy. It has obtain^ also thenaroe 
^ of exhilaraUag gas, from the very singular property which that gen^ 
. tleman has discovered in it, of elevating tbe animal spirits, when in- 
' haled into tbe lungs, to a degree sometimes resembhng delirium or 
intoxication. 
Caroline, It is-respirable, then? 

Emily, It can scarcely be called respirable, as it would not sup- 
port life fop any length of time ; but it may be breathed for a (ew 
moments without any other effects, than the singular exhilaration cyf 
-spirits I have just mentioned. It affects different people, however, 
. in a very different manner. Some become violent, even outrageon 

^1 • II ■ ■ I . B' lJ. ' " '»■'■■ 1 ••m f. I ■ 11 

952. On what principle ;oaB> nitrous air be applied, to test tbe 
rity^ of the atmosfpbere f 

953. What is the f)roceM f 

954. By what other name is the exhilarating gas called-? 
.955. « And- why •isiit.called othilarating^|;:a8 ? 
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others experience a languor attended with faiotness; but most agree 
in opinion, that the sensations it excites are extremely pleasant. . 

Caroline. I thought I should like to try it-^how do you breathe it?/ 

J^rt, B. By collecting the gas in a btadder, to which a short tube ^ 
with a stop-cock, is adapted ; this is applied to ihe mouth with one 
hand, whilst the nostrils are kept closed with the other, in order that, 
the common air may have no access. You then alternately inspire, 
and'expire the gas, till you perceire its effbcts^ But I oaanot con- 
sent to your making the experiment ; for the nerves are sometimes 
unpleasantly affected by it, and I would not run any risk of that 
kind. 

Emily. I should like, at least, to see some body breathe it ; but 
l^ray by' what means is this curious gas obtained ? . 

Jars. B. It is procured from nilrat of ammonia^* an artificial ) 
salt, which yields this gas on the application of a gentle heat. } have \ 
put some of the salt into a retort, and by the aid of the lamp theg^ \ 
vrill be extricated. — 

Caroline. Bubbles of air begin to escape through the neck of the 
retort into the water apparatus ; will you not collect them ? 

Mrs. B. The g^s that first comes over need not be preserved, as 
it consists of little more than common air that was in the retort ; 

* To make nitrate of ammonia, take some nitric acid, or aqua 
fortis — dilute it with four or i^re quarts of water ; pot it into a shal- / 
low earthen dish, and throw in pieces of carbonate of ammonia, un- j 
til the effervescence ceases. Evaporate about one third of the liquor ( 
by a gentle heat, and set it away to crystallize. The crystals are / 
long striated prisms. To procure the nthniut oxide or exhilarating > 
gas, and to try its effects by respiration, the following simple appa- 
ratus may be used, where a better is not at hand. Put some nitrate . 
of ammonia into an oil flask, having first fitted to it a cork, and glass, 
tube, bent so as to go under the receiver in the water bath. Then 
apply the gentle heat of a lamp. 

For a receiver, fill a large jug with water, and invert it in the 
water bath ; having fitted to the jug a cork, having two holes made 
through it with a burning iron ; mto one of these boles put a glass 
tube open at both ends« and nearly long enough to reach the bottom 
of the jug. Provide a large bladder furnished with a short tube tied 
to it. When the jug is nearly filled with the gas, remove'and set it 
upHgtt, by passing thfe hand under its mouth — then put in the cork 
and tube, the other opening in the cork being closed. When you 
wish to breathe the' gas, taKe the stopper out of the cork, and pass 
in the tube attached to the bladder. Then by means of a small tun- 
nel, pour water into thie jug through the long tube,untilit drives out 
gas enough to fill the bladder. Mrs. F. describes the manner of 
breathing it. 

Caution. Let the gas stand an hour or two over water before it is 
breathed.— ^C. 



956. How is this gas breathed P 

957. How is this gas obtained f 

958. When do chemical decompoiiiion» and combinations take 
place^ during the/ormaHon of this gas from nitrate of ammonia ? 

959. What caution is necessary before it is breathed t 
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besides there is alv^ays in this experimeDt, a quantity of watery ra- 
pour which must come away before the nitroaa ox}d appears. 

Emily. Watery vapour ? Whence does that proceed ? There is no 
water in nitrat of ammonia ? 

%Mr$, B, Yon must recollect that there is in every salt a quantity 
of water of crystailiEation, which may be evaporated by heat alone« 
But, besides this, water is Actually generated in this experiment, as 
you wilf see presently. First tell me, what are the constituent parts 
of nilrat of ammonia P 

Emily. Ammonia, and nitric acid ; this salt, therefore, contains 
three different elements, nitrogen and hydrogen, which produce the 
) ammonia ; and oxygen, which, with nitrogen, forms the acid. 
J^ra. B, Well then, in this process the ammonia is decomposed; 
the hydrogen quits the nitrogen to combine with some of the oxy gea 
of the nitric acid, and forms with it the watery vapour which is now 
coming oyer. When that is effected, what will you expect to find ? 
EmUy. Nitrous acid instead of nitric acid, and nitrogen instead 
of ammonia.,. 
^ Jdrs. B. Exactly so ; and the nitrous acid and nitrogen combine 
and form the gaseous oxyd of nitrogen, in which the proportion of 
oxygen i^ 37 parts to 63 of nitrogen. 

You may have observed, that for a little while no bubbles of air 
have come over, and we have perceived only a stream of vapour 
condensing as it issued into the water. — Now bubbles of air again 
make their appearance, and I imagine that by this time all the wa- 
. tery vapour is come away, and that we may begin to collect the g^. 
We may try whether it is pure, by filling a phial with it, and plung- 
ing a taper into it — yes, it will do now, for the taper burns brighter 
than in the common air, and with ^ greenish flame. 

Caroline. But how is that? 1 thought no gas would si>pport com- 
. bustion but oxygen or chlorine. 

Jdrt, B. Or any gas that contains oxygen, and is ready to yiejd 
it, which is the case with this in a considerable degree ; it is not 
therefore, surprising that it should accelerate the combustion of the 
taper. 

You see that the gas is now produced in great abundance ; we 
shall collect a large quantity of it, and I dare say that we shall find 
some of the family who will be curious to make the experiment of 
respiring it. Whilst this process is going on, we majrtake a gene- 
ral survey of thef most important combinations of the nitric and ni- 
trous acids with the alkalies. 

The first of these is nitrat of potash^ commonly called niire^OT 
tahpetre. 

Caroline. Is not that the salt with which gunpowder is made ? 
Mra. B. Yes. Gunpowder is a mixture of five parts of nitrat to 
one of sulphur, and one of charcoal. — Nitre, from its great proper- 

_ • ■ • •• •— 

960. What are the constituent parts of nitrat of ammonia ^ 

961 . What ia the proceaa of making uitroua oxide ? 

962. How is the gaseous o«yd of nitrogen formed ? 

963. How can it be determined when it is pdre ? 

964. What is the common name of nitrat of potash ? 
966. Of what is gunpowder made ? 
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tioD of oxygen, and from the facilit^r with which it yields it, is ihel 
basis of the most delonatiog compositions. 

Emily » But what is the cause of the Tiolent detonation of gun- 
powder when set on fire ? j 

Mrs. B, Detonation may proceed from two causes ; the sudden , 
formation or destructiou of an elastic fluid. In the first case, when ( 
either a solid or liquid is instantftneously con^ertecl into an elastic , 
fluid, the prodigious and sudden expansion of the body strikes the * 
air with great violence, and this concussion produces the sound 
called detonation. 

Caroline. That I comprehend very well ; but how can a similar 
effect be produced by the destruction of a gas f^ 

Mri, B. A gas can be destroyed only by condensing it to a liquid 
or solid state ; when this takes place suddenly, the gas, in assuming 
a new and compact form, produces a vacuum, into which the sur- ;^ 
rounding air rushes with great impetuosity ; and it is by that rapid 
and violent motion that the sound is produced. In all detonations, 
therefore, gases are either suddenlj^ formed or destroyed. In that 
of gunpowder, can you tell me which of these two circumstances 
takes place ? 

Emily. As gunpowder is a solid, it must, of course, produce the 
gases in its detonation ; but how, I cannot tell. 

Mrs. B. The constituents of gownpowder, when heated to a cer- 
tain degree, enter into a number of new combinations, and are 
instantaneously converted into a variety of gases, the sudden ex- 
plosion of which gives rise to the detonation. 
^ Caroline. And in what instance does the destruction or condensa- 
tion of gases produce detonation ? 

Jffri. B. 1 can give you one with which you are well acquainted ; 
the suddeir combination of the oxygen and hydrogen gases. 

Caroline. True; I recollect perfectly that hydrogen detonates 
with oxygen when the two gases are converted into water. 

Mrs. B. But let us return to the nitrat of potash. This salt is/ 
decomposed when exposed to heat, and mixed with any eombusti- 
hie body, such as carbon, sulphur, or metals, these substances oxy«r 
dating rapidly at the expense of the nitrat. I must show you an in- 
stance of this. I expose to the fire some^f the salt in a small iron 
ladle, and, when it is sufficiently heated, add to it some powdered 
charcoal; this will attract the oxygen from the salt, and 'be coo- 
verted into carbonic acid. — 

Eimily. But wliat occasions that crackling noisci and those vivid 
flashes that accompany it ? 

Jifff. B. The rapidity with which the carbonic acid gfas is formed, 
occasions a succession of detonations, which, together with the 
emission of flame, is called de/lagralion. 

Nitrat of ammonia we have already noticed, on 'account of the 
gaseous oxyd of nitrogen which is obtained from it. 

956. Why is nitre the basis of most d^onating compositions ? 

967. What is the cause of the detonation of gunpowder, when 
fire is set to it ? 

968. What causes the detonation when a gas is destroyed ? 

969. Id what instance does the destruction or coodeosation of 
gases produce detonation ? 

970. When is the nitrat of potash decomposed i 
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Mtrat of Hlver, is the lunar caustic, so remarkable for iu de- 
stroying^ animal fibre, for which purpose it is often used by sur- 
gfeons. We haye said so much on former occasions, on the mode 
in which caustics act on animal matter, that I shall not detain yda 
any longer on this subject. 

We now come to carbonic acid, which we have alreadir had 
many^ opportunities of noticing. You recollect that this acid may- 
be formed by the combustion of carbon, whether in iU imperfect 
state of charcoal, or in ils purest form of diamond. And it is n«t 
necessary, for this purpose, to burn the carbon in oxyen gas, as we 
did in the preceding lecture; for you need pnly light a piece of 
charcoal, and suspend it under a receiver on the water bath. The 
charcoal will soon be extinguished, and the air in the receTver will 
be found mixed with carbonic acid^ The process, however, is 
much more expeditious if the combustion be performed in pure 
<wcygen gas. 

Caroline. But how can you separate the carbonic acid, obtained 
in this manner, from the air with which it is mixed ? 

jVrs* B, The readiest mode is to introduce under the receiver a 
quantity of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic acid to form a carbonat. The alkali is found in- 
creased in weight, and the volume of the air is diminished by a 
quantity equal to that of the carbonic acid which was mixed with it. 

Emily. Pray, is there no method of obtaining pure carbon from 
carbonic acid ? 

Jfrs. B. For a lonp: time it was supposed that carbonic acid was 
not decompoundable ;'but Mr. Tennant discovered, a few years ago, 
that this acid may be decomposed by burning phosphorus in a closed 
vessel with carbonat of soda or carbonat of lime ; 4he phosphonis 
absorbs the oxygen from the carbonat, whHst the carbon is sepa- 
rated in the form of a black powder. This decomposition, however, 
is not effected simply by the attraction of the phosphorus for oxygen, 
since it is weaker than that of charcoal ; but the attraction of the 
alkali or lime for the phosphoric acid, unites its power at the same 
time. 

X!aroline. Cannot we make the experiment ? 

Mrs. B. Not easily ; it requires bemg performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too delicate for me to attempt it But there 
can be no doubt of the accuracy of Mr. Teonant's results; and all 
chemists now agree, that one hundred parts of carbonic acid gas 
consists of about twenty- eight parts of carbon to seventy- two of 
oxygen gas. But if you recollect, we decomposed carbonic acid 
gas the other day by burning potassium in it. 

Caroline. True, so we Jid ; and found the carbon precipitated 
on the regenerated potash. 

^ Mn. B. Carbonic acid gas is found very abundantly m nature ; 
it is supposed to form about one thousandth part of the a^osphere, 

971. What is nitrat of si^er ? 

97^2. What gas is produced by ,th« burning of charcoal in oxy- 
gen gas ? 

973. How is carbonic acid formed ? 

974. And how can carbon be obtained froni carbonic acid .' 

975. What portion of the atmosphere does this gas form ? 

976. How is the carbonic acid gas in the atmosphere produced ? 
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and is coDstantly produced by the respiratioD of animals ; it exists / 
in a great ?arietj of combinations, and is exhaled from many nata-^ 
ral decompositions. It is contained in a state of great purity in 
certain caves, such as the Grotto del Cane, near Naples. 

Emily. 1 recollect having read an account of that grotto, and of.' 
the cruel experiments made on the poor dogs, to gratify the coriosi- ' • 
ty of strangers. But I understood that the vapour exhaled by itie ( 
cave was called fixed air. 

Jdrti B, That is the name by which carbonic acid was known 
before its chemical composition was discovered. This g^ is more 
destructive of life than any other ; and if the poor animals that are 
submitted to its effects are uot plunged into cold water as soon as 
they become senseless, they do not recover. It extinguishes flame 
instantaneously. I have collected some in this glass, which I will 
pour over the candle.''' 

Caroline. This is extremely siogular — it seems to extinguish the 
light as it were by enchantment, as the gas is invisible. I never 
should have imagined that g^ could have been poured like a liquid. 

Mrs. B. It can be done with carbonic acid only, as no other gsa 
is sufficiently heavy to be susceptible of being poured out in the 
atmospherical air without mixing with it. • 

Emily. Pray, by what means did you obtain this gas f 

Mrs. B. 1 procured it from marble. Carbonic acid gas has so 
strong an attraction for all the alkalies and alkaline earths^ that 
these are always found in nature in the state of carbonats. Com- 
bined wi(h lime, this aCid forms chalk, which may be considered as 
the basis of all kinds of marbles, and calcareous stones. From these 
substances carbonic acid is easily separated, as it adheres so slight- 
ly to its combinations, that the carbonats are all decomposable bj 
any of the other acids. I can easily shovi^ you how I obtained this 
^^ ; I poured some diluted sulphuric acid over pulverized marble 
in this bottle, (the same which we used the other day to prepare 
hydrogen gas,) and the gas escaped through the the tube connected 
with it ; the operation still continues, as you may perceive — 

Eml^ Yes, it does ; there is a great fermentation in the glass 
vessel. What singular commotion is excited by the sulphuric acid 
taking possession of the lime, an^ driving out the carbonic acid ? 

Caroline. But did the carbonic acid exist in a gaseous state in 
the marble ? 

Mr$. B. Certainly not ; the acid, when in a state of combina- 
tion is capable of existing in a solid form. 

Caroline. Whence, then, does it obtain the caloric necessary to 
convert it into gas ? 

^ Merely pouring it over a candle, will not extinguish it. Put a 
short piece of candle, or taper, into the bottom of a deep tumbler, 
and then poor in the gas, .and the flame goes out as quickly as 
though you poured in water. — C. 



977. By what name was this known before its chemical com- 
position was discovered ? 

978. By what means is this gas procured for experiment f 

97i>. Oi what is chalk formed f , 

980. What is the basis of all kindsof marble and calcareous earths ? 

981. How may carbonic acid be obtained from marble ? 
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JIfrt. Bi It may be supplied in thia case from the mixture of sol - 
pharic acid and water, which produces ait evolutioo of beat, even 
gi«ater than is required for the purpose ; sHice, as you may per- 
ceire bv touchinr the glass yessel, a considerable quantity of the 
caloric diseDgaged becomes sensible. But a supply of caloric may 
. be obtained also from 81 diminution of capacity for heat, occasioned 
by (be new combhiatian which takes place ; and, indeed, this most 
be the case when other acids are employed fot the disengagement 
of carbohic acid gas, which do not, like the sulphuric, produce heat 
on being mixed with water. Carbonic acid may likewise be dis- 
en^faged from its combinations by heat alone, which restores it to 
its gaseous state. 

Caroline. It appears to me Yery extraordinary that the same gas 
which is produced by the burning of wood and coal should exist 
also in such bodies as marble and chalk, which are incombustible 
substances. 

J^ri. B. I i^ill not answer that objection, Caroline, because I 
think I can put you in the way of doing it yourself. Is carbonic 
acid combustible f 

CafoHrUi Why, no— because it is a body which has been already 
burnt ;* it is carben onlr, and not the acid that is combustible. 

Jtfrtf. B. Well, and what inference do you draw^ from this ? 

Caroline, That carbonic acid cannot render the bodies with which 
it is united combustible ; but that simple carbon does, and that it is 
in this elementary state that it exists in wood, coals, and vi great va* 
riety of other combustible bodies. Indeed, Mrs. B., you are rery 
ungenerous ; you are not satisfied with convincing me that my ob- 
jections are fnvolous, but you oblige me to prote them so myself. 

Jfefrt. B» Tou must confess, however, that I mrake ample amends 
for the detection of error, when I enable you to discover the truth. 
Ton understand, now, I hope, that Carbonic acid is equally produced 
by the decomposition of chalk, or by the combustion of charcoaL 
These processes are certainly of a very different nature ; in the first 
case tne acid is already formed, andre(|nires nothing more than 
heat to restore it to its gaseous state ; whilst in the latter, the acid 
is actually made by the process of combustion. 

Caroline, I understand it noff^^ perfectly. But I have just been 
thinking of another difficulty, virhicb, I hope, you will excuse my 
not being able to remove myself. How does the immense quantity 
of calcareous earth, which is spi'ead all over the globe, obtain the 
carbonic acid with which it is coiilbined ? 

Jtfirf. B, The qa^tioln is, ind^, not very easy to answer ; but I 

* IN ot bunU in the common acceptation of the word. The carbon 
is already tinited to oxygen, and therefore has no affinitr for it. In 
the Artificial production of carbonic acid, the carbon is oarnt — C. 



983. Whence does carbonic acid obtain the caloric necessary 
tocoDvert it into gas ? 

d83. Will carbonic acid render a body combustible ^ 

984. It might be thought that carbonic acid could not be obtain* 
, ed from substances so unlike as chsllk and carbon— hour is this ob- 
jection answered ? 

985. How dd the processei of obtaining carbonic acid from the 
decomposition of chalk, and the combustion of charcoal differ f 
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Conceive ttiat the general carbonization of calcareous matter may / 
have been the effect of a general Combustion,* occasioned by some 
revolution of our globe, and producing an immense supply of car- 
bonic acid, with which the calcareous matter became impregnated; 
or that this may have been effected by a gradual absorption of car- 
bonic acid from tbe atmosphere. But this would lead us todiscus- 
sioD« which we cannot indulge in, witbput deviating too much from 
our subject. • 

Emily, How does it happen that we do not perceive the perni- 
cious effects of the ciarbonic acid which is floatios: in the atmosphere? 

Mrs. B. Because of the state of very great dilution in which it 
exists there. But can you tell me, Emily, what are the sources 
which keep the atmosphere constantly supplied with this acid ? 

Emily. I suppose the combustion of wood, coals, and other sub** 
stances that contain carbon. 

Mrs. B. And also, the breath of animals. 

Caroline. The breath of animals? I thought you said that the 
gas was not at ail respirable, but on tbe contrary, extremely poi- 
sonous. 

Mrs. B. So it is ; but although animals cannot breathe in car- 
bonic acid gas, yet in tbe process of respiration, they have tbe pow- 
er of formine; this gas in their lungs ; so that tbe ^r which we ea?- 
pircs or reject from the lungs, always contains a certain proportion 
of carbonic acid, which is much greater than that which is commen- 
ly found in the atmosphere. 

Caroline. But what is it that renders carbonic acid such a dead- 
ly poison ? 

Mrs. B. The manner in which this gas destroys life, seems to be , 
merely by preventing the access of respirable air ; for carbonic 
acid gas, unless very much diluted with common air, does not pen- 
etrate into the lungs, as the windpipe actually contracis and refu- 
ses it admittance. — But we mus'f dismiss this subject at present, as 
we shall have an opportunity of treating of respiration much more 
fully, when we come to the chemical functions of animal's. 

Emily Is carbonic acfdfas destructive to the life of vegetables aa 
it is to that of dfnhnals ? 

Mrs. B. If a vegetable be completely immersed in it, 1 believe 
it generally proves fatal to it ; but mixed in certain proportions 
with atmospherical air, k is on tbe contrary, very favourable to ve- 
getation. 



* This idea is at random. We cannot account for the origin of 
'carbonic acid in its native state any better than we cp.n for oxygen. 
It cannot be the product of combustion, since it existed before the 
growth of combustible materials. — C. 

986. How does marble and calcareous earth obtain its grea 
quantity of carbonic acid ? 

987. Why do we not experience the pernicious effects of the car- 
bonic acid in tbe atmosphere? 

988. How is the atmosphere supplied with this acid ? 

989. Why is carbonic acid gas so destructive to animal life P 

990. W hat effect does it have on vegetation f 
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Tou remember, I suppose, our meDtioDiDg the miDeral waters, 
both oatural aod artificial, which cootaia carboaic acid gas ? 
Caroline. You mean the Seltzer water ? 
) Mn, B, That is one of those which are most used ; there are, 
hofl^ever, a variety of others into which tsarbouic acid enters as an 
^ ingredient : all these waters are usually distihguished by the name 
) ofdeiduloiu or gaseous mineral waters. 

^ T^e class of salts called carbonats is the most numerous in nature; 
we must pass over them in a very cursory manner, as the subject 
is far too extensive for us to enter on it in detail. The state of car- 
botiat is the natural state of a vast number of minerals, and psrrtic- 
ularly of the alkalies and alkaline earths, as they have so great ao* 
attraction for the carbonic acid, that they are almost always found* 
combined with it ; and you may recollect that it is only by separa- 
ting them from this acid, that they acquire causticitv and those* 
striking qualities which I have formerly described. All marbles, 
chalks, shells, calcareous spars, and limestones of every descrip- 
tiob; are neutral salts, in which lime, their oommon basis, has lost* 
all its characteristic properties. 

Emily, But if all these various substances are formed by thenn- 
•on of lime with carbonic acid, whence aWses their diversity of 
Ibrni and appearnce f 

/ Mrs. B^. Both from the different proportion*? of i heir" component 
( parts, and from a variety of foreign ingredients which may be oc- 
' casionally blended with them ; the veins and colours of marbles^ 
for instance, proceed from a mixture of metallic substances ; silex 
and alu mine also frequently enter into these combmations. The 
various carbonats, therefore, which I have enumerated, cannot* be 
considered as pure and unadulterated neutral salts, although they 
certainly belong, to that class of bodies. 
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CONViEl&ATION XIX. 

■s 

ON TWR BORjCdtC, PLUOBIC, MUHIATIC, AND OXYGENATED rKlT-' 

BIATIC ACtDti ; AND ON MVRIATS. ON IDOINE AND IODIC 

ACID. 

Mrs.'B, We now come to the thre^ reftiainiog acids with simple 
bases, the compound nature of ](vhich, though long' suspected, has 
been but recently proved. The chief oif these is the muriatic ;— 

991. What are the waters called, into which this gas enters as an 
ingredient? 

992. What are the salts formed by the acid of this gas f 

993. How extensive is this class of salts, and under what forms 
do they chiefly occur in nature ? 

994. Ifhme is the common basis of marbles, chalks, shells, cal- 
careous spars, and lime stones, why is there such a diversity in 
their form aod appearance ? 

995. From what do the veins and colours of marble proceed ? 
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but I shall first describe the two others, as their bases have been 
obtained more distinctly than that of the mnriatic acid. 

Ton may recollect! mentioned the boracic actd. This isfound^ 
very sparingly in some parts of Europe, but forthenseofmanufac-/ 
tures we have always received it from the remote country of Thi-\ 
bet, where it is found in some lakes, combined with soda. It is ea-/ ' 
sily separated from the boda by sulphuric acid, and appears in the) 
form of shining scales, as you see here. 

Caroline. I am glad to meetwiih an acid which we need. not be 
afraid to touch ; for I perceive from your keeping it in a piece of 
paper, that it is more innocent than our late acquaintance, jtl^ sul- 
phuric and nitric acids. 

Mrs. B. Certainly ; but being more inert, you will not find its 
properties so interesting. However its decomposition, and the 
orilliant spectacle itanords when its basis again unites with oxy- 
gen, atones for its want.of other striking qualities. 

Sir H.rDavv succeeded ia decomposing the boracic acid, (which 
had till then, been considered as undecompoundabie,] by various 
methods. On exposing this acid to the Voltaic battery, the posi- 
tive wire g^ve.out pxygen,.aad on the negative wire was deposited 
a black fivbstance, in Appearance resembling ch^pal. This was ,/ 
the basis of the acid, wnioh Sir H* Davy has c%i^ Boraeiumxir \ 
Boron. 

The same substance was obtained in more considerable quanti- 
ties by exposing the acid to a great heat in an iron gun barrel. 

A third method of decomposing the boracic acid consisted in burn- 
ing' potassium in contact with it in vacuo. The potassium attracts 
the oxygen from the^acid, and leaves its basis in a separate.stat^.. 

The recomposition of this acid I shall show you by burning, some 
of its basis, which you see here, in ai-etort full of oxyg^en gas. The 
beat of a candle is all that is- required for this combustion. — 

£mi/^. The light is astonishingly brilliant, and what beautiful 
sparks it throws out ! 

Mrt. ^. The result of this combustion is the boracic acid, t^e 
nature op which, you see, is proved, both by analytic and syqtheUc 
means.-/ Its basis has not, it is true, a metallic appearance ; but it 
makes very bard alloys with other metals. 

Emily. But pray, Mrs. B. for what purpose is the= boracic acid 
used in manufactures ? 

Jdrs. B. Its principal use is in conjunction with soda, that is, in 
the state of borat oftoda^ which io the arts is commonly caU^ bo- - 
rax. This salt has a peculiar power of dissolving metalSroxyds,* 
and of promoting the fusion of substances capable of being melted ; 
it is accordingly employed ia various metallic arts ; it is used, for 
example, to-:remove the oxydfrom the surface of metals, and is of- 
ten employed in -th^. assay ing o€- metallic ores. 

Let us now proceed to the fluoric acid.^ This acid is obtained^ 
from a substance which is found frequently in mines, and partico- . 



996. Where is the bovacio acid obtained ? 

997. What is the composition of borax ? 

998. What is the bast4»ef this acid? 

999. For what purpose in the boracio acidtused in QiaDufactnrM .' 
%100O.. From what is the tuoric acid obtained ? 
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) larly in those of Derbyshire, called/uor, a name which it acquired 
from the circumstance or its being used to render the ores of met- 
als more fluid when heated 

Caroline- Pray, is not ihis the Derbyshire spar, of which so ma- 
. ny ornaments are made ? 

Mrs, B, The same; but though it has long been em pjoyed for a 
variety of purposes, its nature was unknown until Scheele, theg^reat 
Swedish chemist, discovered that it consisted of lime united with a 
peculiar acid, which obtamed the name of fluoric add. It is easily 
separated from the lime by the sulphuric acid, and unless condens- 
ed in water, ascends in the form of gas. A very peculiar property 
of this acid, is its union with siliceous earths, which 1 have already 
mentioned. It the distillation of ihis acid is performed in glass ves- 
sels, they are corroded, and the siliceous part of the glass comes 
over, united with the gas ; if water is then admitted, part of the si- 
lex is deposited, as you may observe in the jar. 

Caroline. I see white flakes forming on the surfa^ce of the waterj 

is that silex ? , , t . , 

Mrs. B. Yes, it is. This power of corroding glass has been used 
for engraving, or rather etching upon it. The glass is first cover- 
ed with a coat of «ax, through which the figures to be engraved are 
to be scratched w'Rh a pin; then pouring the fluoric acid over the 
wax, it corrodes the glass where the scratches have been made. 

Caroline, I should like to have a bottle, of this acid to make en- 
,«raving8.* 

Mrt. B, But you could not have it in agtow bottle ; for m that 
case the acid would be saturated with silex, and incapable of exe- 
cuting an engraving ; the same thing would happen were the acid 
kept in vessels of porcelain or earthenware ; this acid must there- 
fore be both prepared and preserved in vessels of silver. 

If it be distilled from fluor spar and vitrolicacid, in silver or leaden 
vessels, the receiver being kept very cold during the distillation, it 
assumes the form of a dense fluid, and in that state is the most in- 
tensely corrosive substance known. This seems to be thejacidcom- 

""A bottle of fluori€.acidis>Bot easily obtained. To-roake etch- 
ings on glass, first cover the glass with a thio coat of bees wax.^- 
This is done by warming; it over a lamp, and passing the wax over 
the surface. Then make the drawing bj cutting through the wax 
quite down to the glass. To do the etching in the small way, take, 
a lead or tin cap, and on the bottom place about.a table spoonful of 
pulveriztsd fluor spar, and on this pour sulphuric acid enough to 
moisten it — place the glass on the cup as a cover, with the side to 
be etched downward— *tben set the cup in warm water, or warm 
the bottom over a lamp, taking care not to. melt the wax. In 15 of 
20 minutes or more, the etehiog will be done. In this way, draw- 
ings are easily and beautiAilIy made on glass, C. 



1001. From what does it derive its name f 

1002. By what other name is this acid called? 

1003. Of what does it consist? 

1004. What singular effect does it have on glass ? 

1005. How eoold you describe the method of etching on glass*? 
.1006. In what kind of vessels may it be preseiv^? 
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bioed with a litUe wat^r. It mav be called hydro-fiuie acid; sidd 
Sir H. DaTj has been led, from late experiments od the subject, to 
consider ^i4r« fluoric acid as a compound of a certain unknown prin- 
ciple, which he calis^tiorintf, with hydrogen. 

Sir H. Davy has aUo attempted to decompose the fluoric acid by 
burning' potassium in contact with it ; but he has not yet been able 
by this or any other method, to obtain its basis in a distinct separate 
state. 

We shall conclude out account of the acids with that of the muri- 
atic ACID, which is, perhaps, the most curious and interesting of alV 
of them. It is found Id nature combined with soda, lime, and mag4 
uesia. Muriat of soda is the Common sea salt ; and from this sub-i 
stance the acid is usually disengaged by means of the sulphuric acid* 
The natural state of the muriatic acid is that of an invisible, perma- \ 
nent gas, at the common temperature of the atmosphere ; but it has 
a remarkable stroflHf attraction for water, and assumes the form of a 
whitish cloud whenever it meets any moisture to combine with. This 
acid is remarkable for its peculiar and very pungent smell and pes*- 
sesses, in a powerful degree, most of the acid properties. Here is » 
bottle containing muriatic acid in a liquid state. 

Caroline. And how is it liquefied ? 

Mrs. B' B^ impregnating water with it ; its firong attraction for *. 
water makes it rery easy to obtain it in a liqui() form. Now, if I 
open the phial, ^ou may observe a kind of vapour rising from it,. ^ 
which is muriatic acid ^as, of itself invisible, but made apparent by 
combining with the moisture of the atmosphere. 

Emily* Have you not any of the pure roariatic acid gas ? 

JITrt. B. This jar is full of that acid in its gaseous state— it is t 
inverted over mercury instead'of water, because, being absorbable ( 
by water, this g^ cannot be confined by.it. — 1 shall now raise the \ 
jar a little on one side, and suffer some of the gas to escape. You ' 
ace that it immediately becomes visible in the form of a cloud. 

EfnUy^ It must be, no doubt, from its uniting with tlie moisture of 
(he atmosphere, that it is converted into this dewy vapoui*. 

Jtfrt. J3. Certainly ; and for the same reason, that is to say, its f 
extreme eagerness to unite with water, this gas will cause sooW to \ 
nielt as rapidly as an intense fire. < 

This acid proved much more refractory^ whes Sir £t. Baty ^t- 
tonipted to decompose it, than the otlier two undecompOsed acids. 
It is singular that potassium will bum in muriatic acid^ atid be coo- • 
verted into potash, without decomposing^the acid and the result of 
this oombastion is a flturio/ of potash t for the potash as soon as ii is 
regenerated, combines with the mu^riatic acid. 

Caroline. But how can the potash be regenerated if the muriatic 
acid does not ozydale the potassium ? ^ 

Mrs. B. The potassium in this process, obtains oxygen from the 
ttioistore with which the muriatic acid is always ^mbtned, and, ac 
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1007. What did Sir H. Davy call this acid t 

1008. Where is miiriatic acid found ? 

1009. What is the n^tiira) state-.^ 

1010. How is it li<{oefied ? 

lot I. 'How can this gas be confined without a mercurial bath .' 
1012, What effect wilt muriatic acid gas have on snow ? 
101 3« Why will it melt snow f 

20 
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cordiog^ly, hydrogen, resulting from the deoom position of the mois- 
ture, is invariably evoli^ed. 

jEM»i/y. But why not make these expcrhnents with dry muriatic acid? 
Mrs, B' Dry acids cannot be acted on by the Voltaic battery, be- 
caose acids are non-conductors of electricity, unless moistened. In 
the course of a number of experimentsywhich Sir H. Davy made 
upon acids in a state of dryness, he observed that the presence of 
water appeared always necessary to develope the acid properties, so 
that acids are not even capable of reddening vegetable blues if they 
have been carefully deprived of moisture. This remarkable cir- 
cumstance led him to suspect, that water, instead of oxygen, may be 
the s^cidifying principle ; but this he threw out rather as a conjec- 
ture than as an established point. 

Sir H. Davy obtained very curious results from burning potassium 
in a mixture of phosphorus a^ muriatic acid, and also of sulphur 
and muriatic acid ; the latter oetonates with great violence. All bis 
experiments, however, failed in presenting to his view the basis of 
the muriatic acid, of which he was in search ; and he was at last in- 
duced to form an opinion respecting the nature of this acid, which 
I shall presently explain. 

Emily, Is this acid susceptible ofdifferent degrees of oxygenation ? 
Jtfr*. B, Yes ; for though it cahnot be deoxygenated, yet we may 
add oxygen to it. 

Caroline, Why, then, is not the least degree of oxygenation of 
the acid called the muriatousy and the higher degree the muriatie 
acid ? 

1 Mrs. B. Because, instead of becoming, like other acids, more 
/dense, and more acid by an addition of oxygen, it is rendered, on the 
■ contrary, more volatile, more pungent, but less acid, and less absorb- 
able by water. These circumstances, therefore, seem to indicate 
the propriety of making an exception to the nomenclature. The 
^ highest degree of oxygenation of this acid has been distinguished by 
/ the additional epithet of oxygenated, or, for the sake of brevity, ooy, 
I so that it is called oxygenated or oxy-^muriatie acid. This likewise 
\ exists in a gaseous form, at the tempei^ture of the atmosphere ; 
' it is also susceptible of being absorbed by water, and can be con- 
gealed, or solidified, by a certain degree of cold. 
Emily. And how do you obtain the oxy-mnriatic acid ? 
JIfrf* B, In various ways ; but it may be most conveniently ob- 
tained by distilling liqi||d muriatic acid over oxyd of manganese, 
which supplies the acid with the additional oxygen. One part of the 
apid being put into a retort, with two parts of the oxyd of manga- 
nese, and the heat of a lamp applied, the g^s is soon disengaged, and 



1014. Why cannot dry acids be acted on by the Voltaic battery ? 

1015. What is the basis of muriatic acid ? 

1016. Is this acid capable of combining with different propor- 
tions of oxygen ? 

1017. Why is not the least degree of oxygenation called the mu* 
riatons acid ? 

1018. Whatisthehighestdegreeofoxygenationofthisacidcsalled? 
f 019. How is the oxy-murifttic acid Obtained? 
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may 'be receired over water, as it is but spariogly absorbed by it, 
I have collected some in this jar—** 

Caroline, It is not io?isible, likSB the generality of gases $ for it is 
of a yellowish color. 

Jwrt. B, The muriatic acid extinguishes flame, whilst, on the 
contrary, the ozy- muriatic makes the flame larger, and gives it a 
dark red color. Can you account for this diflerence in the two acids ? 

ErnOy, Yes, I think so; the muriatic acid will not supply the 
^ flame* with the oxygen necessary fpr its support; but when this 
acid is further oxygenated, it will part with its additional quantity 
of oxygen, and in this way support combustion. f 

Jdn. B. This is exactly the case : indeed the oxygen added to 
the muriatic acid, adheres so slightly to it, that it is separated by : 
mere exposure to the sun's rays. This acid is decomposed also by < 
combustible bodies, many of which it burns, and actually inflames, 
without any previous increase of temperature. 

Caroline, That is extraordinary indeed ! I hope you mean to in- 
dulge us with some of these experiments ? 

Mrs. B, I have prepared several glass jars oif oxy muriatic acid 
gas for that purpose. In the first we shall introduce some Dutch 
gold leaf.~Do you observe that it takes fire r . , . 

Emily, Yes, indeed it does — how wonderful \l is! It becatae im- 
mediately red.bot, but was soon smothered in a thick vapor. 

Caroline.. What a disagreeable smell ! 

Mrs, B. We shall trv the same experiment with phosphorous in 
another jar of this acid. You had better keep your handkerchief to 
your nose when I open it — now let us drop into it this little piece of 
phosphorus^- 

CaroHne, It burns really ; and almost as brilliantly as in oxygen 
gsLS ! But what is most extraordiuary, these combustions take place 
without the metal or phosphorus bemg previously lighted, or even 
in the least heated. 

Mrs, B' All these curious effects are owing to the very great fa- 
cility with which this acid yields oxygen to such bodies as are 
strongly disposed to combine with it. It appears extraordinary in- 
deed to see bodies, and metals in particular, melted down and in- 
flamed by a gas, >Hritbout any increase of temperature, either of the 
g^s, or of the combustible. The phenomenon, however, is, you see, 
well accounted for. 

Emily. Why did you burn a piece of Dutch gold leaf rather than 
. a piece of any other metal ? . 

Mrs, B. Because, in the first place, it is a composition of metals 

* Breathing only a few bubbles of the gas is attended with bad— - 
sometimes with dangerous consequences. The young chemist, 
therefore, had better not undertake to make it.~C. 

f According to this new theory of chlorine, as will be explained 
at the end of this conversation, this combustion is effected in con- 
sequence of the union of chlorine (or oxy-rouriatic acid) with the 
hydrogen of the combustible body. 



1030. Why will the muriatic acid extinguish flame, and oxy-ntti- 
riatic acid make it larger, giving it a dark red color ? 

1021. Why witt some combustible bodies burn in this acid with- 
out any previous Increase of temperature f 
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(consist ingp chiefly of copper) which burns readily ; and I use a thin 
» metallic leaf in preference to a lump of metal, because it offers to 
the action of (be gas but a small quantity of matter under a Ivge 
surface. Filings or shaving^, would answer the purpose nearly as 
well; botJL lum|> of metal, though the surface would oxvdate with 
, great rapidity, would not take fire. Pure g^ld is not inflamed by 
/ oxy-muriatic acid gaGu but it is rapidly oxj^dated, and dissolved by 
it ; indeed, this acid is the only one that will dissolve gold. 

Emily. This, I suppose, is what is commonly called aqua regia, 
which you know is the only thing that will act upon gold. 

Jirs. O. This is not exactly the case cither; for aqua regia is 
'compose^ of a mixture of muriatic acid and nitric acid.— ^But, in 
fact, the result of this mixture is the formation of oxy-muriatic 
acid, as the muriatic acid oxygenates itself at the expense of the 
nitric ; this mixture, therefore, though it bears the name of nUro^ 
muricUie neid^ acts on gold merely in virtue of the oxy-muriatic 
aoid which it contains. 

Sulphur, volatile oils, and many other substances, will burn in the 
same manner in oxy-muriatic acid gas; but I have not prepared a 
. sufficient quantity of it, to show combustion of all these bodies. 

Caroline. There are several jars of the gas yet remaining. 

Mrt. B. We must reserve these for future experiments. The 
oxy-muriatic acid does not, like other acids, redden the blue vege- 
table colors ; but it totally destroys all color, and turns vegetables 
perfectly white. Let us collect some vegetable substances to pat 
into this glass, which is full of g^as. 

Emily. Here is a dprig of myrtle — 

Caroline. And here some colored paper — 

Mrt. B. We shall also put in this piece of scarlet riband, and a 
rose — 

Emily. Their colors begin to fade immediately. But how does tbe 
gas produce this effect .? 

Jtfrtf. B, The>oxygen combines with the coloring matter of these 
substances, and destroys it ; that is to say, destroys the property 
whicb-these colors had of reflecting only one kind of rays, and ren- 
ders them .capable of reflecting them all, which, you know, will 
make them appear white. Old prints may be cleaned by this acid« 
for tbe paper will be whitened without injury to the impression, as 
printer's ink is made of materials (oil and lamp black) which are 
not acted upon by acids. 

This property of tbe oxy-muriatic acid has lately been employed 
in manufactures in a variety of bleaching processes ; but for these 
purposes the g^as must be dissolved in water, as the acid is thus ren- 
dered much milder and less powerful in its effects ; for in a gaseous, 

102^. By what acid is gold oxydated stnd dissolved } 

1023. Why does a mixture of nitric, and muriatic acids dissolve 
gold, when neither of them will do rt alone ^ 

1024. What effect does the oxy-muriatic acid have on vegetable 
colors .' 

10-25, Why does it produce this effect ^ 

10^6. Why is it, that tbe paper of old prints may be cleansed by 
this acid, without any injury to the impre8.sion ? 

1027. Of what use is theoxy-muriatio acid in manufactures? 
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state, it wouldi destroy the texture, ^ well as the color of the tnlf' 
stance submitted to its action. 

Caroline. Liuok at the thiogs which we put into the g^as; they 
have now entirely lost their color ! 

JUfs. B. The effect of the acid is almost completed ; and if Hre 
were to examine tlie quantity that remains, we should find it to con- 
sist chieily of muriatic acid. 

The oxy-muriatic acid has been used to purify the air in fevei>< 
hospitals and prisons,as it burns and destroys putrid effluvia of every ^ 
kind. The infection of the small-pox is likewise destroyed by this T 
gas, and matter that has been submitted to its influence will no I 
longer generate that disorder. 

Caroline. Indeed, I think the remedy must be nearly as bad as 
the disease; the oxy-muriatic acid has such a dreadfully suffocat- 
ing smell. , 

Mr$, B. It is certainly extremely offensive ; but by keeping the ( 
mouth shut, and wetting the nostrils with liquid ammonia, in order ^ 
to neutralize the vapor as it reaches the nose, its prejudicial effects ; 
may be in some degree prevented. At any rate, however, this mode : 
of disinfection can hardly be used ifK places that^ire inhabited. And \ 
as the vapor of nitric acid, which is scarcely lesseffioaoious for this ' 
purpose, is not at all prejudicial, it is usually prefei^red on such oc- 
casions. 

Caroline. ¥ou have not told us yet what is Sir H. Havy's neir 
opinion respecting the nature of muriatic acid to which you alluded 
a few minutes ago ? / 

JIf r«. B. True : I avoided noticing it then, because you could not 
have understood it without some previous knowledge of the oxy-mu- 
riatic acid, which I have but just introduced to your acquaintance. 

Sir H. Davy's idea is, that muriatic acid, instead of being acorn-/ 
pound, consisting of an unknown basis and oxygen, is formed by tbe\ 
union of oxy-muriatic gas with hydrogen. 

Emily > Have you not told us just now that oxy-muriatic gas was 
itself a compound of muriatic acid and oxygen ? 

Jlfr«. jB. Yes; but according to Sir H. Davy's hypothesis, ozy. 
muriatic gfas is considered as a simple body, which contains no oxy- "' 
gen — as a substance of its own kind, which has a great analogy to ■ 
oxygen in most of its properties, though in others it dfCfers enttinely 
from it. According to this view of the subject,*ffae name of oaiy-mui. 
riaiie acid can no longer be proper, and therefore, Sir H. Davy has 
adopted that of chloritie, or 'Marine goiy a name which is simply 
expressive of its greenish color ; and in comphance with that phi- 
losopher's theory, we have placed chlorine in dtfr table amotig the 
siinple -bodies. 

'Caroline. But what was "Sir If. Davy's reason for ^adopthsj^ an 
opinion so contrary to tbsit which :^ad hitherto p^vaited ? 

^rt. Bj There are many citfottmstances which -are faVora'ble to 
the new doctrine : but th^ clear^t-and simplest fo/bi mils 'support is, 



102.8. For what medicinal purposes has it beeh used ? 

1029. How may the inconvenience of the ocy-muriatic acid be 
'^prevented ? 

1030. What does Sir H. Davy suppose muriatic acid to bef 
^1031. Why is oxy-nmriatic acid lately ^cailed^blorine f 
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(^ that if bydrofi^n gas and ozy-mariatic gas be mixed together, holh 
'these gases disappear, and muriatic acid gas is formed. 
! Emiiy, That seems to be a complete proof; is it not coosiderflA 
W perfectly cooclasive? 

ikfff B. Not so decisive as it appears at first sight ; becaasfe it is 
argaed by those who still inclioe to the old doctrine, that muriatic 
acid g^, however dry it may be, always contains a certain qoantitf ■ 
of watf|r, which is supposed essential to its formation. So that, ia 
*^the experiment just mentioned, this water is snpplied by th^ unioa 
of tlie hydrogen gas with the oxygen of the oxy-moriaticacid ; ani 
therefore the miztuie resolves itself into the base of mariatic acid 
and water, that is, muriatic acid g^s. 

CaroHne. I think the old theory must be the true one ; for other- 
wise how could you explain the formation of oxy-muriatic g^s, fron 
a mixture of muriatic acid and ox yd of manganese ? 

Jifrs^ B Very easily ; you need only suppose that in this process 
the muriatic acid is decomposed ; ' its hydrogen unites with theoxy" 
g^n of the manganese to form water and the chlorine appears in its 
separate state. 

Emily. But how can you explain the various combustions which 
take place in oxy-muriatic gas, if you consider it as containing no 
oxygen ? 

Jirs. B, We need only suppose that combustion is the result <A 
intense chemical action ;* so that chlorine, like oxygen, is combin- 
ing with bodies, forms compounds which have less capacity for oa* 
.loric th^n their constituent principles, and, therefore, caloric • ia 
. evolved at the moment of their combination. 

iJEmikf* if,jhen, we may explain every thing by either theory, to 
which of the two shall we give the preference ? 

Mrs, B, it will, perhaps, be better to wait for more decisive 
proofs, if such can be obtained, before we decide positively upon the 
subject. The new doctriue has certainly gained ground very rapidly, 
and may be considered as generally estaolished ; but a few competent 
judges'still refuse their assent to it, and until that theory is establish* 
ed beyond all doubt, it may be as well for us still occasionally to use 
the language to which chemists have long been accustomed. Bui 
let us proceed to the examination of salts formed by muriatic acid< 

Amontr the compound salts formed by murialicacid, ibe tnvriat q^ 
soda^ or common salt, is tlie most interesting.f The uses and pro- 



*»' Intense chemical action," neither e^f^plains the process, boi 
indeed conveys to the mind any definite idea. The yiews of Sir H. 
Davy on the composition of chlorine, are eoml;^tted by many of the 
^rst chemists in England, as well as in this cooniry. The inquisi* 
tive Fciider may become acquainted with the grounds of dispute on 
both sides by referring to Cooper's edition of !3'hom80ii»'s cheia- 
istry.— C- 

^( According to Sir H. Davy's view of the nature of themnriatlB 
and oxy-muriatic acids, dry muriat of soda is a compound of sodium 



tOS'Z. What are the reasons for supposing that chlorine is uot a 
simp'e subslaoce? 

1033. How are the combustions in oxy*iniinatic acid explained, 
if It does not contain ox\gen ? 

1034. What is said on the subject in the noUJ 



1035. Wbere is theriuuriat of soda obtained? 

1036. On what aoet«rys»*llizatioo depend ? 

1037. ~" • " " 

1038. 

1039. What two ga3e», 




per ties of this «ft!t are too well known to require much comment. 
Besides the pleasant 'flavour it imparts to thte food, it is very whole- ^ 

' some, when not used to excess, as it assists in the process of digfestion. ,. 

Sea-water is the ^ceat source from which muriat of soda is ez-i . 
^ trected by evaporation. But it is also found'in large solid masses in.^ 
! the bowels of the earth, in Eni^land, and in many other parts of the. 
world. ♦ ; 

, Emily. I thotight that salts, when solid, were always in the state 1 

of crystals ; but the common lAble salt is in the form of a coarse 1 

.white powder. , j 

Mrs. B. Crystallization depends, as you may recollect, on the] j 

slow and regular re-union of particles dissolved in a.fluid ; .common ) 1 

8Ca>saU is only in a state of imperfect crystallization, because the'% ^ 

process by -which it is prepared is not favourable -to the formation.' 
of regular crystals. But if you dissolve it, and afterwards evaporate/ i 

the water slowly^ you will obtain a regular crystalli^atioa. 

Jtfuriaf o/* ammonia is another combination of this acid, which we/ 
have already mentioned as the principal source from .which ammo/ 
nia is derived. i 

I can at onceishow you the formation of this salt "by the immedi*' , J 

ate combination of muriatic acid with ammonia. These two glass jar»- 
contain, the one muriatic acid gas, the other ammoniacal gas, both< 
of which are perfectly iovisible-^now, if i mix them together, you'; 
see they immediately form an opaque white cloud, like smoke. If ^ 
a thermometer was placed in,thejar in which thesegases are mixed, ' 
yon would perceive tliat some heat is at the same time produced. 
. Emily, The effects of chemical combinations are, indeed, won- { 

derful ! flow extraordinary it is that two invisible bodies should 

become visible by their union ! 

J^rs, B. This strikes you with astonishment, because it is a phe- \ 

nomenon which nature seldom exhibits to our view, ; but the most 
common of hjer operations are as wonderful, and it is their frequen- i 

cy only that prevents our regarding them with equal admiration. 
W hat would be more surprising, for instance, than combustion, were 
it not rendered familiar by custom ^ '^• 

Emily, That is true. But pray, Mrs. B., is this white cloud the 
salt that produces ammonia ^ How different it is from the solid mu^ 
riat of ammonia which you once showed us ! ' 

J^rt. B. It is the same substance, which 'first appears in the state 
o€ vapour, but will soon be ^condensed by cooling against the sides 
or the jar, in the form of very minute crystals. 

We now pi^eceed to the oxy muriaU. In this class of salts the oxy- 
m^uriat ajytointh* is the most worthy of our attention, for its stnl^ing 

r •' ' '"ill 

and chlorine, for it may be formed hj the direct combination of oxy • 
muriatic gas and sodium. In his opinion, therefore, what we com^ 
monly call muriat ^f soda, contains neither soda nor muriatic acid. 
* Oxy-muriat of potash is prepared by passmgichlorine'through a 
solution of potash 4n water. The process is Ipngaod diffionlt.- ^ 



/ 
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properties. The aoid, io this state of combioation, oontaiiu a still 
greater proportion of ocjg^o thaa vrliea aloDe. 

Caroline. But how caa the oxj-muriatic acid acquire aa ia- 
crease of oxygeo by combioing with potash f 

Mrs, B, It does not really acquire an additional qaantity of oxy* 
gen, but it loses some of the muriatic acid, which produces the 
same effect, as the acid which remains is proportionably super- 
oxygenated. 

If this salt be mixed, and merely ^rubbed together with sulphur) 
phosphoms, charcoal, or indeed any other combustible, it explodes 
strongly. 

Caroline, Like gun- powder, I suppose, it is suddenly converted 
into elastic fluids f 

Mrs, B, Tes : but with this remarkable difference^ that no in- 
crease of temperature,. any further than is produced by gentle fric- 
tion, is required in this instance. Can you tell me what g^ases are 
generated by the detonajtion of this salt with charcoal ? 

Emily, Let me consider.^;i.;..4.The oxy-muriatic acid parts with 
its excess of oxygen to the charcoal, b? which means it is convert- 
ed into muriatic acid gas ;. whilst the charcoal, being burnt by the 
oxygen, is changed to^arbonic acid gas. What becomes of the 
potash I cannot telL . 

jilrt. B. That^is a fixed product which remains in the vessel. 

CdroUru, But since the potash does not enter into the new com- 
binations, I do nut understand what use it is in this operation. 
\Vould not tbe^ixy-muriatic acid and the charcoal firoduce the 
same effect Without it ? , 

jifrs. B. No ; because chlorine (or qxy-moriatic acid) does not' 
unite with charcoal, unless oxygen be added to it, and this oxygen 
is supplied by the potash. 

I mean to show you this experiment, but I would advise you not 
to repeat it alone ; for if care be not taken to mix only very small 
quantities at pi iime^ the detonation will be extremely violent, and 
may be attended with dangerous effects. .You see I mix an exceed- 
ing small quantity of the salt with a little powdejred^harooal, in this 
Wedgwood mortar, and rub them together with the pestle— 

Caroline, Heavecfs ! How can such a loud explosion be produced 
by so small a quantity of ntatter? 

Mrs . B, You must 'consider that an extremely small quantity of 
solid substance may produce a' very rreat volume- of gases ; and it 
is the sudden evolution of these which occasiohs the sound. 



* According to &ir H. thnry^s new views, just explained* oxy- 
muriat of potash is a compound of chlorine wiih oxygen and oxyd 
of potassium. 



1040. What are the peculiair properties of db^-muriat of potash? 

1041. Why will the oty-mnnat of potash explode if mixed and 
robbed toffetfaer with snlphuri phosphorus, charcoal, or any other 
combustible substance ? 

1042. What gases are generated by the 'Hetonation of this salt 
with charcoal ? 

1043. Why would not the sani^ ieffect^be produced by the oxr- f 
^nmriatic acid and charcoal withont^the ftot^ ? ; 

i 
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Emify. Would not ozy muriat of potash make stronger gun- ( 
powder than nitrat of potash f ^ 

Mrs. B. Yes ; bat the preparation, as well as the use of this salt, / 
is attended with so much danger, that it is never employed for that '} 
purpose. /. 

Caroline. There is no cause to regret it, I think ; for the com- • 
mon gun-powder is quite sufficiently destructive. 

Mrs. B. I can show you a very curious experiment with this j 
salt ; but it must again be on condition that you will never attempt \ 
to repeat it by yourselves^ 1 throw a small p«ece of phosphorus / 
into this glass of water; then a little oxy-muriat of potash; and '^ 
lasUy* I pour in (by means of this funnel, so as to bring it in cod>- : 
tact with' the two other ingredieuts at the bottom of the glass) a( 
small quantity of sulphuric acid — 

Caroline. This is, indeed, a beautifn! experiment ! The phospho-j 
ms takes fire and burns from the bottom of the water. 

EmUy, How wonderful it is to see flame bursting out under wa- 
ter, and rising through it ! Pray, how is this accounted for ? 

Mrs. B. Cannot you find it out, Caroline ? 

Emily Stop — I think 1 can explain it. Is it not because the ) 
sulphuric acid decomposes the salt by combining with the potash, .' 
so as to liberate the oxy-muriatic acid gas by which the phosphorus ^^ 
is set on fire? r 

Mrs. B. Very well, Emilv ; and with a little more reflection you / 
would have discovered another concurring circumstance, which is,/ 
that an increase of temperature is produced by the mixture of the ) 
sulphuric acid and water, which assists in promoting the .combus- , 
tion of the phosphorus. 

I must, before we part, introduce to your acquaintance the new- 
ly discovered substance, tod inb, which y6u may recollect we 
placed next to oxygen and chlorine in our table of simple bodies. 

Caroline. Is this also a body capable of maintaining combustion 
like oxyoren and chlorine ? 

Mrs. B. It is ; and although it does not so generally disengage 
lig^t and heat from inflammable bodies, as oxygen and chlorine do, 
yet it is capable of combining with most of them : and sometimes^ 
as in the instance of potassium and phosphorus, the combination is 
attended with an aotual appearance of light and heat. 

Caroline. But what sort of substance is iodine ; what is its form 
aiid colour ? 

Mrs J^. It is a very singular body, in many respects. At the or- 
dinary temperature of the atmosphere, it commonly appears in the 
form of bluisb-black crystalline scales, such as you see in this tube. 

Caroline. They shine like black lead, and some of the scales have 
the shape of lozenges. 

Mrs* B. That is actually the form which the crystals of iodine 



1044. From what may a stronger gun -powder than that now 
used be made ? 

1045. Why is it not used ? 

1046. \Jow may phosphonis be set on fire in water? 

1047. Why is this effect produced ? 

1048. How does iodine diflor iWrn nzveren and chloriqe? 

1049. How does iodine a^ppew ? 
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often assame. But if we beat tbem gently by bolding the tube 
oyer the flame of a candle, see what a cbainge takes place in them. 

Caroline. How cuiious ! They seem to melt, and the tube im- 
mediately fills with the beautiful violet rapour. But look, Mrs. B., 
the same scales are now appearing at the other end of the tube. 

Jdrs, B. This is, in fact, a sublimation of iodine, from one part 
of the tube to another ; but with this remarkable peculiarity, that 
while in the gaseous state, iodine assumes that bright violet colour, 
which as you may already perceive, it loses as the tube cools, and 
the substance resumes its usual solid form. It is from the violet 
col($ur of the g^ that iodine has obtained its name. 

Caroline. But how is this curious substance obtained ? 

Mr$. B. It is found in the ley of ashes, of sea-weeds, .after the 
; soda has been separated by crystallization ; and it is disengfaged 
. by means of sulphuric acid, which expels it from the alkaline ley 
in the form of a violet g^, which may be collected and condensed 
in the way which you have just seen This interesting discovery 
was made in the year 1812, by M. Courtios, a manufacturer of salt- 
petre at Paris. 

Caroline. And pray, Mrs. B., what is the proof of iodine being a 
simple body ? 

jirs. B, It 13 considered as a simple body, both because it is not 
capable of being resolved into other ingredients ; and becdiuse it is 
itself capable of combining with other bodies, in a manner anala- 
gous to oxygen ai\d chlorine. The most curious of these combina* 
Sons is that which it forms with hydrogen gas, the result of which 
is a peculiar gaseous acid. 

Caroline. Just as chlorine and hydrogen gas form muriatic acid. 
In this respect chlorine and iodine seem to bear a strong analogy 
to each other. 

Mrs. B. That is indeed the case ; so that if the theory, of the 
constitution of either of these two bodies be true, it must be true 
also in rcjgard to the other ; if erroneous in the one, the theory 
must fall in both. 

Bdt it is now time to conclude ; we have examined such of the 
acids and salts as I conceived would appear to you most interesting. 
I sbkll no;t enter into any particulars respecting the metallic acids, 
AS tbey ofler nothing sufficiently striking for our present purpose. 



CONVERSATION XX. 

ON THE NATUttE AND COMPOSITION OP VEGETABLES. 

Mrs. B. We have hitherto treated only x>f the simplest combina- 
tion of elements, such as alkalies, earths, acids, compound salts, 

^■■■pi ■■■■■■- , ,... 11—11 ■■ ■■■«—■ ■ ■ ■ — P^. ■■■■■■■■ ■ II ,1 , ■ , ^ , ■■■ „ ■ ^ 

1050. How can you show the violet coloured gas ? 

1051. From what does iodine obtain its namef 

1052. How is iodine obtained ? 

1053. Why is iodine reckoned a simple body ? 

1054. Ifa what respect dor-hl^Mua^ aud iodine resemble each other? 
J055. WW* e-v t*j« nippiest combioattions of elemenU ? 
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stones, kc<.: all of which belong^ to the mineral krngpdom. It is time 
now to torn our attention to a n^ore complicated class ofcompounds, 
that of ORGANIZED BODIES, whicb will furnisb.us with a new source 
of instruction and amaseroent. 

Emily* By organized bodies, [ suppose you mean the vegetable 
and animal creation ? I have, however, but a very vague idea of 
the word organuro/ton, and 1 have often wished to know more ^re- 
ciselv what it means. 

Mrs. B. Organized bodies are such as are endowed by natures, 
with various parts, peculiarly constructed and adapted to perform < 
certain functions connected with life. Thus yon may observe, that 
mineral compounds are formed by the simple effect of mechanical 
or chemical attraction, and may appear to some to be, in a great 
measure, the productions of chance ; whilst organized bodies bear 
the most strikmg and impressive marks of design, and are eminent- 
Iv distinguished by that unknown principle, called life^ from which 
the various organs derive the power of exercising their respective 
functions. 

Caroline, Bet in what manner does life enable these organs to 
perform their several functions ? 

Mr$. B. That is a mystery whichj I fear, is enveloped in such 
profound darkness, that there is very little hope of our ever being 
able to vnfold it. We most content ourselves with examining the 
effects of Ihis principle ; as for the cause, we-liave been able only 
to give i^a name, without attaching any other meaning to it, than 
the vague and unsatisfactory idea of an unknown agent. 

Caroline. And yet I think I can form a very clear idea of life. 

Jlr». B. Pray let me hear how you would define it ? 

Caroline. It is, perhaps, more easy to conceive, than to express — 
let me consider — Is not life the power which enables both the ani- 
mal and the vegfetable creation to perform the various functions 
whicb nature has assigned to them ? 

JUre. B. I bar-e nothing to object to your definition ; but you will 
allow me to observe, that you have only mentioned the effects 
wliich the unknown cause produces, without giving us any notion 
of tlie canse itself. 

Emily. Tes, Caroline, you bare toM ns wliat life doee^ but you 
have not told ns what it is, 

JUre, B. We may stady its operations ; but w« should puzzle our- 
selves to no purpose by attempting to form an idea of its real nature. 

We shall begin with examining iu effects in the vegetable world, ' 
which constitutes the simplest class of organized bodies ; these we 
shall find distingiiished from the mineral creation, not only by their 
ynore complicatedl nature, but by the power which they possess with- 
in themselves, of forming new chemical arrangements of their con- / 
stituent parts, by m<eans of appropriate organs. Thus, thourh all [ 
vegetables are ultimately composed of hydrogen, carbon, and oxy- ^ 
gen, (with a few other occasional ingredients,) they separate and 



1056. What are organized bodies? 

1057. How do they differ Irom inorganic matter ? 

1058. What is life in its philosophical acceptation ? 

1059. What is the simplest clasgs of oiganized Imdies 
lOGO. Of what are vegetables miMtly composed? 



1061. What are the ingrredieDts of vegetables ? 
106^ Is it t6 be supposed tbat all these ineredients eifitt in asin- 
g^le yeg^table f 

1063. And does any Tegetableor any part of one ctttsitft Mlelr 
or a single one of these ingrredients ? 

1064. Bv #bat are the combrnations in the tegetabte Innipdom 

]^f|t1llated f 

1065. How may the oi^ns of plants be considered ? 



240 C0UP08ITI0N* 

combine these principles, by their variotts orjj^ans, in a thousand 
ways, and form, with them, different kinds of juices and solid parts, 
which exist ready made in vegetables, and may, therefore, be con- 
sidered as their immediate roaterial«. 
I These are : 

Sap, RuifUn 

Mitcilage, Oum Resins^ 

Sugar, Balsams^ 

Feeula, Caoutchouc, 

Gluten^ Extractive colouring Maiiet^ 

Pixed Oil, Tannin, 

\ Volatile Oil^ Woody Fibre^ 

' Cavivhor. Vegetable Adds, kc, 

Caroline, VV bat a. long list of nam^ ! 1 did not suppose that a ve- 
getable was composed of half so many ingredients. 

^rt. JB. You must not imagine that every one of these materials 
is- formed in each individual plant. 1 only mean to say, that they are 
all derived exclusively from the. vegetable king^onl. 

EffnUy. But does each particular part of the plant, such as the 
root, the bark, (he stem, the seeds, and leaves, consist of one of 
these inrredients only, or of several ot them combined together ? 

Jtfrc. i. 1 believe there is no part of a plant which can be said to 
consist solely of any one particular ingredient ; a certain number 
of vegetable malerials must always be combined for (he formation 
of any particular part, (of a seed for instance,) and these combina- 
tions are carried on by sets of vessels, tir minute organs, which se- 
lect from o(her parts, and bring together, the several principles re- 
quired for the developement and growth of those particular parts 
which they are intended to form and to maintain. 

Emily, And are not these combinations always regulated by the 
laws of chemical attraction i 

Jfr$^ B, No doubt : the organs of plants cannot force principles 
to combine which have no attraction for each other ; nor can they 
oottipel superior attractions to yield to those oif inferior power ; tber 
probably act rather mechanically, by bringing into contact such 
principles, and in snch proportions, as will, by their chemical oobh- 
bination, form the various vegetable products. 
/ Caroline. We may then consider each of these organs as a can- 
^ ovsly eonstrueted filpparatos, adapted for fbe performance of a ya- 
riety of chemical processes. 

Jkrt, B, ISxactly to. As longr as the plant lives and tbrires, the 
oarbon, hydrogen, and oxygen, (the chief constituents of its hnme- 
diate materials,) are so balaneeil and connected together, tbat tbey 
tre not susceptinle of entering into other combinations ; bnt no 
Moner does death take plabe, uian this state o^ equiltbriom is de- I 
■troyeda&d new combmations produced. i 
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EmUy* But why should death destroy it ? for these priociples must 
remain in the same proportions, and consequently, I should suppose, 
in the same order of attractions? 

Mrs. B, You must remember, that in the veg'etable, as well as in 
the animal kingdom, it is by the principle of life that the organs are 
enabled to act ; when deprived of that agent or stimulus, their power 
ceases, and an order of attractions succeeds, similar to that which 
would take place in mineral or unorganized matter.' 

Emily. In this order of a^ttractions, 1 suppose, that destroys the 
organization of the plant after death ; for if the same combinations 
still continued to prevail, the pjant would always remain in the state 
in which it died ? 

Mrt, B. And that, you know, is ne?er the case ; plants may be 
partially preserved for some time after death, by drying -^ but in th^ 
natural course of events they alL return to the state of simple ele«^ 
ments; a wise and admirable dispensation of Prtividence, by which; 
dead plants are rendered fit to enrich the soil, and become subser- - 
▼ient to the nourishment of living vegetables. 

Caroline., But we are talking of the dissolution of plants, before 
we have examined them in their living state. 

Jdrf. B. That is true, my dear. But I wished togfive you a gen* 
eral idea of the nature of vegetation, before we entered into par- 
ticulars. Besides, it is not so irrelevan t as you suppose to tall^, of ve- 
getables in their dead state, since we cannot analyze them without 
destroying life ; and it is only l^y hastening to submit them to ex- 
amination, immediatelv after the;^ have ceased to live, that ife can / 
anticipate their natural decomposition. There are two kinds of ana- \ 
lysis of which ve^etabtes ace susceptible ; first, that which separates / 
them into their immediate materials, such as sap, resin, muqila^e, \ 
&:c. ; secondly, that which . decomposes them into their primitive 
elements, as carbon, hydroppen« and oxygen. 

Emily. Is there not a third kind of analysis of plants, which con- 
sists in separating their various parts, as the stem, the leaves, and 
the several organs of the flower I 

Mrs, B. That, my dear, is rather the department of the botanist ; 
we shall consider these different parts of plants only, as the organs 
by which the various secretions or separations are performed ; bi|t 
we must first examine the nature of these secretions. « 

The sap is the principal material of vegetables, since it contains r 
the ingredients that nourish every part of the plant. The basis of 
this iuice, which the roots suck up from the soil, is water ; this holds 
in solution the various other ingredients required by the several 
parts of the plant, which are gradually secretcxl from the sap by the 
different organs appropriated to that purpose, as it passes them in 
circulating through the plant. 

M%icus, or mucilage^ is a vegetable substaiice, which, like all the 

1066. Why shonld death destroy vegetable combinations ? 

1067. What is an admirably wise dispensation of Providence in 
regard to the nature of plant9 }^ 

1068. Of how many kinds oC analysis are vegetables susQeptible ? 

1069. What is the first > 

1070. What is the second ? 

1071. What is the principal material of vegetables f 

1072. Whatis the basis of this juice? * 

21 
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others, is ^secreted i^om the sap ; when in exoew, it exudes fMm the 

trees in the form of gfafh. 
/ Caroline. Is that the gum so frequently used insteftd of psiste or 

\ glue? 

' Mrs. B, It is ; almost all fmit trees yieW some «ort of gam, hot 

(that most cmnmonly used in the arts iS obtained from a species of 

/ acacia- (ree, in Arabia, and is called gum «ra6ic; it forms the chief 

/ nourishment of (be natifes of those parts, who obtain it in great 

; quantities from inctsioos which they make in the trees. 

\ Caroline. I did not koow^that gum was eatable. 

Mrt. B, There is an account of a whole ship's company being 
saved from starving by feeding on the cargo, which was gum sen- 
ega). I should not, however, imagine, that it wonM be either a plea- 
sant or a particularly eligible diet to those who hare not, from their 
birth, been accustomed to it. It is, however, frequently taken me- 
dicinaUy, and coolidered as very nourishing. S^eral kinds of re- 
getable acids may he obtained, by particular processes, from '^m 
or mucilage, the principal of which is called the mticotw <md. 
I Sugar is not found in its simple state in plants, but is always mix- 
' ed with gum, sap, or other ingredients : this saccharine matter is to 
be met with in every vegetable, but abounds most in roots, fruits, 
and particularly in the sugar cane. 

Emily. If all vegetables contain sugar, why Is it extracted ex- 
clusively from the sugar-cane ? 

Mrs. B, Because it is both most abundant in that plant, and 
most easily obtained from it. Besides, the sugars produced by other 
vegetables differ a little in their nature. 

During the fate trc?ubles in the West Indies, when Europe was 
hut imperfectly supplied with sugar, severa!! attempts were made to 
extract it- from other vegetables, and very good su^r was obtained 
from parsnips and from carrots ; but the process was too expensive 
to carry this enterprize to any extent. 

Caroline. I should think that sugar might be more easily oMained 
from sweet fruits, such as fi^s, dates, &c. 

JUrs. B. Probably ; but ft would be still more expensive, from 
the ^igh price of those fruits, and it wonld not be exactly like com- 
mon sugar.* 

Emily. Pray, in what manner, is sugar obtained from the sugar- 
cane f 



* Some foreign chemists (MM. Kirkoff, Braconnot, ftc.> have 
found that if starch be hoiled for a long time in « water containing 
one fortieth part of sulphuric acid, and evaporated down to a certain 
consistence, the solution of starch concretes, in cooling, into a solid 
brownish mass, which ha6 the taste and other general properties nf 
sugar. Duffuff this process, no gas is disengaged, and the acid is 
not decomposeo. 

1*073. What is the mucilage of v^etahles.^ 

1074. What uses are made of mucilage or gum f 

1075. In what state does sugar naturally exist f 

1076. In what does it mostly abound ? 

1077. If it is found in all vegetables, why is it extracted fnm sn- 
^r- cane only? 



Mru B. The jaico of this pktot is first expressed by passiog it / 
between two cylinders of iron. It is then boiled with Itme-waier/ 
which makes a thick scttm rise to the su Kace* The clarified liquor \ 
is let off below, and evaporated to a very small quaotitVi after ■ 
which it is suffered to erystalHse by standingf in a vessel, the bottom j 
of which is perforated with holes, that are imperfectly stopped in i 
order that tne symp may drain off. The sugar obtained by this 
process is a coarse^ brown powder, commonly called raw or moUt ^ 
sugar; it underi^oes another operation to be refined and converted 
into loaf sugar. For this purpose it is dissolved in water, aod after- , 
wards punned by an animal fluid called albumen, W bite of eg^gs 
chiefly consists of this fluid, which is also one of the constituent parts 
of blood : and consequently eggs, or bullock's blood, are commonly 
used for this purpose. • 

The albuminous HvtvJL being diffused througl^e syrup, combines 
with all the solid impurities contained in it) ainF rises with Ibem to 
the surface where it fonn% a thick scum ; the clear liquor is then 
again evaporated to a proper consistence, and poured into moulds, 
in which, by a confused crystallization, it forms loaf sugar- But sn 
additional process is required to whiten it ; to this effect the mould 
is inverted, and its open base is covered with clay, throug'h which 
water is made to pass ; the water slowly trickling through the sugar 
combines with and carries off the colon nog mater. 

Caroline, I am very g^lad to hear that the blood that is used to 

Surify sugar does not remain in it ; it would be a disgusting idea. I 
ave heard of some improvements by the late Mr, Howard in the 
process of refining sugar. Pray what are they ? 

JIfrf . B. It would t>e much too long to give you an account of the 
process in detail. But the principal improvement relates to the mode 
of evaporating the syrup in order to bring it to the consisteocy of 
sugar. Instead of boiling the syrup in a large copper, over a strong 
fire, Mr. Howard carries off the water by means of a large air punjp,- 
in a way similar to that used in Mr. Leslie's experiment for freezing 
water by evaporation ; that is, the syrup being exposed to a vacuum, 
the water evaporates quickly, with no greater heat than that of a lit- ' 
tie steam, which is introduced round the boiler. The air-pump is of 
course of large dimensions, and is worked by a steam engine. A\ 
great saving is thus obtained, and a striking instance afforded of the I 
power of science in suggesting useful economical improvements. 

Emily, And pray how are sugar-candy and barley-sugar pre- 
pared ? 

Mrs, B» Candied sug^r is nothiog more than the regular crystals, 
obtained by slow evaporation from a solution of sugar. Barley- 
sugar is sugar melted by heat, and afterwards cooled in moulds of 
a spiral form. 

Sugar may be decomposed by a red heat, and, like all other ve-' 
getable substances, resolved into carbonic acid and hydrogen. The 
torroation and the decomposition of sugar afford many very inter- ' 
esting particulars, which we shall fully examine after having gone 

1078. In what manner is sugar obtained from suffar-csne? 

1079. How is sugar refined or converted into loaf sugar f 

1080. What is Mr. Howard's improvement for refining sugar ? 

1081. How is sugar-candy and barley-sugar prepared ? « 

1082. How may sugar be decomposed, and what is the product ? 
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through tbe other materials of ve^tables. We shall fiodtbat there 
is reasoQ to suppose that so^r is not like the other materials, se- 
creted from the sap by appropriate organs ; but that it is formed by 
a peculiar process with which you are not yet acquainted. 
Caroline, Pray, is not honey of the same nature as sus'ar ? 
/ Mrs. B. Honey is a mixture of saccharine matter and gum. 
I Emily, I thougtt that honey was in some measure ao animal sub- 
,' stance, as it is prepared by the beesw 

'Jlfr«. B, It is rather collected by' them from flowers, and convey- 
. ed to their store -houses, the hives. It is the wax only that under- 
'g^es a real alteration xh. the body of the bee, and is thence convert- 
ed into an animal substance.* 

Manna is another kind of sugar, which is united with a nauseous 
extractive matter, to which it owes its pecvliar taste and colour. It 
\ exudes like gtim fj^m various trees in hotplimates, some of which 
have their leaves ^ized by it. 

The next of the vegetable materials nfecula; this is the general 
'' name given to. the farinaceous substance contained in all se^, and 
; in some roots, as the potatoe, parsnip, &c. It is intended by nature 
for the first aliment of the young vegetable,* but that of one parti- 
cular grain is become a favourite and most comipon food of a large 
psLTt of mankind. 

Emily, You allude, I suppose, to bread, which is made of wheat 
flour ? 

Jdrs, B, Yes. The fecula of wheat contains also another vege- 
table substance which seems peculiar to that seed, or at least has not 
as yet been obtained from any other. This is gluten^ which is of a 
k 'sticky, ropy, elastic nature ; and it is supposed to be owing to the 
> viscious qualities of this substance, that wheat-flour forms a much 
better paste than any other. 

Emily. Gluten by ^our description, must be very like gvtm ? 
. J^lrs, B, In their sticky nature they certainly have some resem- 
. blance ; but gluten is essentially different from gum in other points, 
and especially in its being insoluble in water, whilst gum, you 
^ know, is extremely soluble. 

; The oils contained in vegetables all consist of hydrogen and car- 
bon in various proportions. They are of two kiDdB, Jixed and vola- 
jiile^ both of which we formerly mentioned. Do you remember in 
/ what the differente between fixed and volatile oil consists ? 

Emfly, If I recollect rightly, the former are decomposed by heat, |; 

\ whilst the latter are merely volatilized by it. | 

I* • I ■» i 

* It was the opinion of Huber, that therbees prepared the wax from 
honey and sugar. There is, however, found on the leaves of some 
plants a substance, having all the properties of wax ; and that bees- 
wax itself is not an animal substance, is clear from its analysis. — C. 

- ' n^n II.. I I ' ■ . ■ ■. p .> 

1083. Of what does honey consist ? 

1084. What is said of the wax of bees ? 

1085. What is manna ? 

1086. What is the fecula of vegetables ? 

1087. What is gluten r 

1088. How does gluten differ from gum ? 

1089. Of what do vegetable oils consist ? 

1090. What is the difference i)etween fixed and volatile oils ? 
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. Mri* B. Very well. TiteA oil ft contained ooly in the se^B of/ 
plants, excepting io the oliFe, ib which it is produced in, and ex-'- 
pressed from, the frnit* l¥e bate kiready observed that seeds con- j 
tain also fecula ; these tvro 8iibstaDoes,iiiitted vr ith a little mucilage, 
form the white substance contained ill the seeds or kernels of plants, 
and is destined for the nourishment of the yonn^ plant, to which the 
Seed gives birth. The milk of almonds^ which is expressed from 
the seed of that name, is composed of those three substances. 

Emilp. Pray, of what nature ia the linseed oil which is used in 
paiiiting ? , 

JfStrs, B. it is a fixed oil, obtained from fhe seed of flax. Nnti 
oil, which is frequently used for the same purpose, is expressed! 
from walnuts. 

Olive oil is that which is best adapted to culinary purposes, 

Catoline. And what are the oils used for buratng? 

Mr», B* Animal oils, most commonly; but me preference given [ 
to them is owing to their being less exp^stve ; for tegetable o^ls i 
burn Equally well, and are more pleasant, as their smell is not of- ^ 
fa&sive. 

EmUy. ^nceoil is so good a cotnbustible, what is the reason 
that lamps so frequently require trimming ? - 

Mri, ^. This sometimes proceeds from the construction of the ; 
lamps, ^ich may not be sufficiently favourable to a perfect com- ' 
bustion ; but there is certainly a defect In the nature of oil itself, 
which renders it necessary ^for the best constructed lamps to be oc- 
casiooall;f trimmed. This defect arises from a portion of mucilage j 
which it is extremely difficult to separate from the oil, and which I 
b«ing a'bad42ombastible, gatheli round the wick, and thus im- ^ 
pedes its combtistion, add consequently dims the light. 

Caroline. Bat will not oils burn without^ wick ? 

Mr$, B, Not unless their temperature be elevated to five or six) 
hundred degrees ; the Wick answeFS'this purpose,'as I think 1 on6e> 
before explained to you. The oil rises between the fibres of the ( 
cotton by capillary attraction) and the he&it of the bufnidj^ wick ( 
volatilizes it, and brings it successively to the temperature at Which ' 
it is combustible. 

EmUy. I suppose the explanation which you have given with re^ 
gard to the necessity of trimming lamps, applies also to candles, 
'Which so often reqnire snuffing ? 

Mf8, B. I believe it does ; at least in some degree. But besides 
the circumstances just explained, the common sorts of oils are not 
verj highly combosiiblev so that the beat produced by a candle, 
which is a' coarse kind of tfnimal oil, being insufficient to volatilize 
them completely, aquantily of soot issgfraduatlly deposited on the 
wick, which dims the light, and retards the combositinn. 

Carolim. Wax candles, then, contain no incombustible matter, 
flinoe they do not require snuffing f 
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. From what part of pladts are fixed oils obtained ? 

1092. From what is linseed oil obtained ? 

1093. What oils best for burning :" 

1094. Since oil is a good eombustible, whtttis the reason thaU 
: lamps require so frequent trimming ? 

1095. What is the use of wicks in lamps ? 

'1096. Why. do candles more than lamps re^uioa triDMiing ? 



246 coifposiTioN 

Mr». B*' Wafc is a mooh better combustible tbati tallow, but 
etill not perfectly so, since 4t likewise contains some particles that 
are unfit for burning; but wben these gather round the wick, 
I which in a wax light is comparatively small,) they weigh it down 
on one side, and fall off together with the burnt part of the wick. 

Caroline. As oils are such good combustibles, I wonder that they 
should requite so great an elevation of temperature before they be- 
gin to burn ? .,. , . . i ,. x- 

Mrs, B. Though fiiedoils will not enter mto actual combustion, 

below the temperature of. about four hundred degrees,* yet th^ 
i will slowly absorb oxygen at the common temperature of the at- 
; mosphere. Hence arises a variety of change in oils which modify 
1 their properties and uses in the arts. 

\ If oil simply absorbs, and combines with oxygen, it thickens and 

changes to a kin^f wax. This change is observed to take place 

on the external pffts of certain vegetables, even during their life. 

But it happens in many instances that the oil does not retain all 

the oxygen which it attracts, but that part of it combines with, or 

burns the hydrogen of the oil, thus forming a quantity of water, 

which gradually goes off by evaporation. In this case, the altera- 

/ tion of the oil consists not only in the addition of a certain quantity 

\ of oxygen, but in the diminution of the hydrogen. Thest oils are 

I distinguished by the name Of drying oili. Linseed, poppy, and nut 

' oils, are of this description. 

Emily. I am well acquainted with drying oils, as I continuallj 
use them in painting. But I do not understand why the acquisi- 
tion of oxygen on one hand, and the loss'of hydrogen on the other, 
should render them drying. ^ 
Jlrs, B. This, I conceive, may arise from two reasons ; -either 
: from the oxygen which is added being less favourable to the state 
of fluidity than the hydrogen, which is subtracted ; or from this 
additional quantity of oxygen giving rise to-new combinations, in 
consequence of which the mostifluid parts of the oil are liberated 
and volatilized. 

For the purpose of painting, the drying quality of oil is further 
increased by adding a quantity of oxyd of lead to it, by wbioh 
oneans it is more rapidly oxygenated. 

The rancidity of oils is likewise owing to their oxygenation. In 
this case, a new order of attraction takes place, from which a pe- 
culiar acid is formed, called the sehadc add, 

Caroline. Since the nature and composition of oil is. so well 
known, pray, could not oil be actually made^ by combining its prin- 
ciples f 

* This statement is too low. None of the fixed oils boil at a less 
temperature than 600 degrees, nor will they burn until converted 
into vapour; consequently they cannot burn at a lower teropen^ 
ture than 60O.— C. 

J 097. Why are wax better than tallow candles ? 

1098. What elevatiob of temperature is necessary in order to 
bum oil ? 

1099. What,are the princijfjal drying oils ? 

1100. Why will the oxyd of lead ihcrease the drying quality 
of oils ? 

UOl. To what is the rancidity of oil owing ? 
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Jlffv. 'jB. That is by no ixteans a necessary consequence ; for 
there are inDumerable varieties of compound bodies which we can 
decompose, akhoug^h we are unable to reunite their ingredients. 
This, however, is not'tbe case with oil, as it has very lately been dis- 
coyered that it is possible to form oil, by a peculiar process, from 
the action of oxygenated muriatic acid gas on hydro*carbonate.^ . 

We how pass'to the«o2a/tte or essential oils. These form the basis, 
of all the vegetable perfumes, and are contained, more or less, in\ 
every part of the plant excepting the seed ; they are, at least, never ^ 
found in that part of the seed which contains the embryo plant 

Emily, The smell of flowera, then, proceeds from volatile oil ? 

Mrsl B. Certainly ; but this oil is often most abundant in the 
rind of fruits, as in oranges, lemons, &c., from which it may be ex- 
tracted by the slightest pressure; it is found also in the leaves of, 
plants, and even in the wood. . . 

Caroline, Is it not very plentiful in the leaves of mint, and of 
thyme^ and all the sweet smelling herbs ? 

^Mrs, B, Yes : remarkably so*; and in geranium leaves also, 
which have a much more powerful- odour than the flowers. 

The perfume of sandal fans is an instance of its existence in wood. 
In short, all vegetable odours or perfumes are* produced by the 
evaporation of particles of these'volatile oils. 

Emily» Tbey are, I suppose, very light, and of very thin consist- 
ence, since they are volatile ? 

Mrs. B, They vary Tbrv much in this respect, some of them bd- 
ing as thick as butter, whilst otbers are as fluid aa water. In order 
to be prepared for perfomes, or essences, these oils are first proper- 
ly purified, and then, either distilled with spirit of wine, as is the , 
case with lavender water, or simply mixed with a large proportion , 
' 9f water, as is of^en done with regard to peppermint. Frequently, . ' 
also, these odoriferous waters are prepared merely by soaking the 
plants in water, and distilling. The water then comes over im- 
pregfnated with the volatile oil. v 

Caroline, Such waters are frequently used to "take ispots of 
grease out of cloth, oi* silk : how do they produce that effect ? 

Mrs. B. B^ combining with the substance that forms these stains ;f^ 
for volatile oils, and lilnSwise the spirit 'in which they are distilled ] 
will dissolve wax, tallow, spermaceti, and resins ; if, therefore, the 

I 

* Hydro-carbonate, is also called olefiant or oU making gas, on 
account of the supposed property here mentioned. But later ex- 
periments have shown that the substance it forms with chlorine, is 
not an oil, but a kind of ether, hence it is now known under the 
name of e/i/onc e^/i^, — C. 



1102. Is there any known method of making oil by combining 
its principles ? 

1 103. What forms the basis of vegetable perfumes ? 

1104. In what part of the plant are the volatile or essential oils 
contained ? 

' 11 05. From what proceeds the sinell of flowers ? 

1106. How are volatile oils obtained ? 

1107. Why will water mixed with vegetable oils assist In rC- 
^moving spots of grease from cloth f 
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* spot proceeds firom any of those sabstances, it will nHoofh it. ' lo- 
sectB of every kiod bare a ^reat aversioo to perfbmes, so that vola- 
tUa oils are employed 4rith snocess id mssenms for (he preserra- 
tkm of stuffed birds and other species of animals. 

Caroiine, Praj, does Dot the powerful smell of os^nfphor proceed 
fhND a volatile oil f 

Mn* B, Camph^ seems to be a substance of its owb kind, re- 
markable by many peculiarities. Btft if oot exactly of the same 
nature as Yolatile oil, it is at least very analagous to it* It is ob- 
tained chiefly fitmi the camphor-tree, a species of laurel which 
^ grows in Cbma, and in the Indian isles, from the stem and roots of 
. whicbjt is extracted.* Small quantities haire also been distilled 
, 'firom thyme, sa^^e, and other aromatic plants ; and it is deposited in 
pretty (arge quantities by some volatile oils aftOr long* standinf^. it 
is extremely volatile and inflammable. It is insolubfe in water, but 
is soluble in oils^ in which state, M well as in its solid form, it is fre- 
quently applied to medictnal purposes* Amongst the particular 
properties of camphor, there is one too singular to be passed over 
,' in silence. If you take a siiiall piece of camphor, add place it on 
the surface of a basin of pure water, it will inknediately begin to 
/ move round and round with groat rapidity ; but if ^ou poor into 
; -4he basin a single drop of any odiferous fluid, it Will instantly put a 
] stop to this motion. You can at any time try so simple an experi- 
^ ment ; but you must not expect that I shall be^ble to account for 
^' the phenomenon, as nothing satislaotory has as-yet been advanced 
for»its explanation, 

Catoline* It is very singular indeed ; woA I will certainly make 
the experiment. Pray, mat am r^dnt, which you just now men- 
tioned? 
t JIffv. B. They are volatile oils, that have been acted on» and pe- 
I '^^uliarly modified, by oxygen. 
) Cafy>line, They are, tMrefore, Okygenated Volatile oils ? 

Jtfr«. B. Not exactly ; for the process does not appear to consist 
so much in the oxygenation of the oil, as in th^xxMsbuition of a por- 
*tion of its hydro^n, and a smaU portion of its carbon. For wImmb 
resins are artiftcially madh by the combtmition of volatile oils with 
(Kcygen, the vessel m which the process is 'performed is bedewed 
with water, and the air inoladed within it is loaded trith carbonic 
<acid« 

EmUy, This process rouilt be, in %ome respects, simlar to that for 
^preparing drying oils ? 

Mrs. B* Tes ; and it is by this operation that both of them acquire 

-a great degree of consistence* Pitch, tar, and turpj^ntine, are the 

most common tedins ; they exude Arom the i>ioe anadir trOes. Co- 

/ * Camphor comes chiefly from Japan. It is obtained by distilling 
the wooG of the launu eampHsira^ or camphor tree, with water, in 
s large iron pots, with earthen caps stuffed 'with straw. The cam- 
phor sublimes and concretes upon the straw:- '' 



1 108. From what is camphor obtained ? 

1109* Is camphor contained in other plants ? 

lllO. What it the method tf obtaining it? 

11 n« What remarkable peculiarity has camphor ? 

1112. What are resins ? 
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pal, mastic and frankiDcense, are also of this class of vegetable sub- 
stances. 

Emily, Is it of these resins that the mastic and copal varnishes / 
so much used in painting are made ? \ 

Mn, B, Yes. Dissolved either in oil or in alcohol, resins form - 
varnishes. From these solutions they may be precipitated by wa- 
ter, in which they are insoluble. This I can easily show you. If 
you will pour some water into this glass of mastic varnish, it will 
combine with the alcohol in which the resin is dissolved, and tbC; 
latter will be precipitated in the form of a white cloud. 

Emily* It is so. And yet how is it that pictures or drawings, var- 
nished with this solution, ma^ safely be washed with water ? 

Mrt. B, As the varnish dries, the alcohol evaporates, and the dry 
varnish or resin which remains, not being soluble in water, will not 
be acted on bv it. 

There is a class of compound resins, called g;van retinty which are/ 
precisely what their name denotes, that is to say, resins, combined 
with raucilag'e. Myrrh and assafcetida are of this description. J 

Caroline, Is it possible that a substance of so disagreeable a smell 
as assafoBtida can be formed from a volatile oil ? 

Mrs, B, The odour of volatile oils is by no means always gratefuL 
'Onions and garlic derive their smell from volatile oils, as well as ro- 
-ves and lavender. 

There is still another form under which volatile oils present them- / 
selves, which is that of balsams. These consist of resinous juices^ 
combined with a peculiar acid,- called the benzoic acid. Bsusams \ 
appear to have been originally volatile oils,* the oxygenation of ' 
^hich, has converted one part mto a resin, and the other part into ^ 
an acid, which combined together, form a balsam ; such are the j 
balsams of Peru, Tolu, Sic. 

We shall now take leave of the ods and their various modifica- . 
tions, and proceed to the next vegetable substance which is caoutch-/ 
4nie. This is a white, milky, glutinous fluid, which acquires consis\ 
<ence aqd blackens in drying, in which state it forms the substance ; 
-with which you are so well acquainted, under the name of gum- « 
^Jtastic. 

'Caroline. I am surprised to hear that gum-elastic was ever white, 
orever fluid ! And from what vegetable is it procured ? 

•A/r«. B. It is obtained from two or three different species of trees 
in the East Indies, and South America, by making incisions in the 
stem. The juice is collected as it trickles from these incisions, and 
moulds of clay, in the form of little bottles of gum-elastic, ate dipped 

* This is an erroneous idea. Balsams are original and peculiar 
substances, and consist chiefly of resinous matter in a semifluid 
state. The benzoic acid is most probably formed during the pro- 
cess by which it is obtained. — C. 

' ' ' ' * 

■ 

1113. What are the most common resins ? 

1 1 14. Of what are mastic and copal varnishes made 

1115. What will be the consequences if water be pOiured into a 
vessel containing mastic varnish ? 

1116. What are gum resins ? 

1117. Vfhat are balsams ? 

1118. From what is caoutchouc obtained f 

1119. What are its uses ' 
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into it A layer of this juice adheres to the clay and dries onit ; 
and several layers are successively added by repeating this till the 

. bottle is of sufficient thickness. It is then beaten to bre&k down 
the clay which is easily shaken out. The natives of the countries 
, where this substance is produced, sometimes make shoes and boots 
of it by a similar process, and they are said to be extremely pleasant 
and senriceable, both from their elasticity, and their bein^ water- 
proof. 

The substance which comes next in our enameratioo of the im- 
mediate ing^redients of veg^etables, is extraetive matter. This is a 
term which, in a general sense, may be applied to any substance ex- 
tracted from vegetables ; but it is more particularly understood to 
: relate to the extractiye coloring matter of plants. A great variety 

/ of colors ar^ prepared from the vegetable kingdom, both for tfaie 

1 purposes of painting and of dying ; all the colors called Idkee are 
of this description ; but they are Tesa durable th%n mineral colors, 
for by long exposure to the atmosphere, they either darken or torn 

; yellow. 

Emily. I know that in painting, the lakes are reckoned far less 
durable colors than the ochres ; bnt what is the reason of it ? 

/ Mrs. B. The change which takes place in vegetable colors is 

' , owing chiefly to the oxygen of the atmosphere slowly burning their 
hydrogen, and leaving, in some measure, the blackness of the car- 
bon exposed. Such change cannot take place in ochre, which is 
altogether a mineral substance. 

> Vegetable colors have a stronger affinity for animal than for Teg- 
etable substances ; and this is supposed to be owing to a small ouao- 
tity of nitrogen, which they contain. Thus, silk and worsted will 
Ukc amuch finer vegetable dye than linen and cotton. 
Caroline. Dying, then, is quite a chemical process f 
Mrs. B. Undoubtedly. The condition required to form a good 
dye is, that the coloring matter should be precipitated, of &xedy 
•on the substance to foe dyed, and should form a compound sot solu- 
ble in the liquids to which itiwould probably be exposed. Thus, for 
instance, pnnted or dyed liikens or cottons mnst be able to resist 
the action of soap and water, to which they must necessarily beeub- 
ject in washing ; and woollens and silks should withstand the action 
of grease and acids, to which they may accidentally be exposed. 

Gatfio/tfi«. B ut if linen and cotton have .not a sufficient affinity for 
colorioe matter, how are they made to resist the action of washings 
which tney a ways do when they are well printed ? 

Mrs. B, When the substance to be dyed has either no affinity 
for the coloring matter, or not sufficient power to retain it,thecom- 
bi nation is effected or strengthened, by the intervention of a third 
substance, called a mordant., or basis. The mordant must have a 



1 120. What is the extractive matter of vegetables ? 

1121. What are the colors called prepared from vegetables ? 
'T122. To what is the change which takes place in v^^table col- 
ors owing ? 

1123. Why have vegetable colors a stronger affinify for animal 
^han for vegetable su (stances ? 

1 124. What is necessary that vegetable colors be durable f 
1 126. What are mordalits and their uses ? 
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strooi^ affinity botb for the ooloring matter and the substance dyed, / 
by which meaos it causes theni to combivie and adhore together. 

Carclme. And what are the substances that perform the office of ' 
thus reconciling the two adyerse parties ? 

Mrs, B, The most common mordant is sulphat of ahimioe, or/ 
alum. Ozyds of tin and iron in the state of compound fialts, ar^ 
Ukewise used for that purpose. 

Tannin is another T^etabJe ingredient cfg^eat importance in they 
arts. It is obtained chiefly from the bark of trees ; but it is foundf 
alsoiin init^galh, and in some other vegetables. ^ 

Emily. Is thai the substance commonly called ton, which is used 
in iiot-bonses i 

Mrs, B. Tan is the prepared bark in which the peculiar substance, - ' 
tannin is contained. But the use of tan in hot'>hou6es is of much ] 
less importance than the operation of tanning, by which skin is / 
converted into leather. \ 

Emily* Pray how is this openation performed ? 
J\lr8, B. Various methods are employed for this puipose, which 
all consist in exposing skin 1o tike action of tanuin, er of substances 
containing this principle in sufficient quantities, and disposed to \ 
yield tt to the skin. Themd^t usual way is to infuse coarsely pow- , 
4ered oak bark in water, and to keep the akin immersed in this in- 
fusion for a certain length of time. During this process, which is 
slow and grsdual, the skin is found to ha^ increased in weight, and 
to have acquired a considerable tenacity and impermeability to wa- 
ter. This effect may fee roudi accelerated by using strong satura- 
tions of tba tanning principle, {which can be extracted from bark,) 
instead of employing the bark itself. But this quick mode nf pre- 
paration does not appear to make equally good leather. 

Tannin is contained in a g^eat yanety^ of astringent v^etable \ 
substances, as galls, the rosetree, and wme ; but it is no where so 
plentiful as in bark. All these substances yield it to water, from ; 
which it may be precipitated by a solution of isinglass or glue, with / 
which it strongly unites and farms an insoluble compound. Hence 
its valuable property of combintn|f with skin (which consists chiefly \ 
of jlue,] ana of enabling it to resist the action of water* 

Emiiy. Might we not see that efiect by pouring a little melted 
isinglass into a glass of wine, wbich yon «ny contaius tanAin f 

Mrs. B. Y-ea. 1 hare prepared a tolntton of isinglass for that 
verv purpose. i>o jon observe the thick, muddy precipitate ? That 
is the tannin combmed with the isinglass. 

Caroline. This .precipitate must tben be of the same nature as 
the leatherf 

Jlfr». B^ >Ii is composed of the same ingredients; but the organ- 
iealtk>n and texture of the skin being wanting, it has neither the 
oonaistenoe nor the tenacity of leather. 

1 1S6. What substance9»are commoikly used as mordants ? 
1127. From what is tannin obtained f 
1138. What are its uses? 

1129. What is the process of converting skins into leather, by 
the use of tanning P 

1 130. Wh}r does tauiuBg canseakins on being (tenged to leather, 
to be impervious to water.? 

1 1 3 1 . How does a solation of isin^laasin water difibrfirom leatlier .^ 
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Caroline. One might suppose that men who drink large quanti- 
ties of red wine, stand a chance of having the coats of their stom- 
achs coyerted into leather, since tannin has so strong an affinity 
for skin. 

*Mrs, B. It is not impossible but that the coats of their stomachs 
may be, in some measure, tanned or hardened by the constant use 
of this liquor ; but you must remember that where a number of 
other chemical agents are concerned, and above all, where life ex- 
ists, no certain chemical inference can be drawn. 

I must not dismiss this subject, without mentioning a recent dis- 
covery of Mr. Hatchett, which relates to it This gentleman found 
that a substance very similar to tannin, possessing all its leading 
properties, and actually capable of tanning leather, may beproduc- 
^ ed by exposing carbon, or any substance containing carbonaceous 
/ matter, whether vegetable, animal, or mineral, to the action of ni- 
i trie acid.* 

Caroline* And is not this discovery very likely to be oi use to 
manufactures ? 

Mrs, B, That is very doubtful, because tannin, thus artificially 

nared, must probably always be more expensive than that which 
tained from bark. * But the fact il extremely curious, as it af- 
fords one of those very rare instances of chemistry being able to im- 
itate the proximate principles of organized bodies. 

The last of the vegetable materials is woody jfibre-^it is the hard- 
est part of plants. The chief soiirce from' which this substance is 
' • derived, is wood, but it is also contained, more or less, in every solid 
part of the plant. It forms a kind of skeleton of the |)art to wbick 
it belongs and retains its shape after all the other materials have dis- 
appeared. It consists chiefly of carbon united with a small portion 
.^ of salts, and the other constituents common to all vegetables. 

Emily. It is of woody fibre then, that the common charcoal is 
made? 

Jdrs, B, Tes. Charcoal, as you may recollect, is obtained from 
wood by the separation of all its evapprable parts. 

BeforiB we take leave of the vegetanle materials, it will he proper 
at least to enumerate the several vegetable acids which we either 
bave had or may have occasion to mention. I beheve I formerly 
told you that their basis or radical, was uniformly composed by hy- 
drogen and carbon, and that their difference consisted oDly in the 
Tarious proportions of oxygen which they contain^ ' 

* To make artificial tannin, Mr. Hatchett used 100 ^ins of char- 
coal with 500 of nitric acid, diluted with twice its weight of water. 
This mixture was heated, and then suffered to digest mr two days ; 
more acid was then added, and the digestion continued until the 
charcoal was dissolved. This solution being evaporated to dryness, 
leaves a dark brown mass. This is the tannin in question. Its taste 
is bitter and highly astringent. — C. * 



1132. What discovery was made by Mr, Hatchett? 

1133. How did he prepofre artificial iannm J" 

1134. What is woody fibre? 

1135. Of what does it chiefly consist ? 

1136. From what is charcoal made ? 
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ThefollonriDg are the names of the yegetable acids : 
The JtfucotM acu2 obtained from gum or mucilage ; 
Huberic^ - from cork ; ^ 

Campkpric, - from camp1;ior ; ; 

jp^nzcdc - from balsams : / 

Gallic ' from galls, bark, &c. 

Ma^ic - from ripe fruits ; \ 

Citric ' from lemon juice ; 

Oxalic - from sorrel; ^ 

' Siucijiic - from amber ; 

Tartarotu - from tartrit of potash ; 
Acetic - from vinegar. 

They are all decomposable by heat, soluble in water, anl9 turn ye-» 
; getable blue colours red. The succinic, tbe^ tartarqvjs, and ttie ace-/ 
Jqm adds^ are the productions of the decomposition of vegetables ;/ 
we shsdi, therefore, reserve.their examination for a future period. 

The oxalic acid, distilled from borrel, is the highest term of vege-* 
table acidification ; for, if more oxygen be added to it, it loses its^ 
, vegetable nature, and is resolved into carbomc acid and water; 
..therefore, though all the other acids.may be converted into the ox- 
alic by an addition of oxygen, the oxalic itself is not susceptible of 
a further degree of oxygenation : nor can it be made by any che- 
mical processes, to return to a slate of lower acidification.* 
To conclude this subject, I have only to add a few words on the 
. gallic acid, 

' Caroline, Is not this the same acid before mentioned, which forms 
> ink, by precipitating snlphat of iron from its solution ? 

Jlrs. B. Yes. Though it is usually extracted from galls, on ac- 

.count of its boiog most abundant in that vegetable substance, it 

may al^o be obtained from a great variety of plants, ft constitutes 

what is. called the astringent principle of vegeta!)Ies ; it is generally 

^ combined with tannin, and you will find that an infusion of tea, cof- 

" fee, bark, red wine, or any vegetable substaoce that contains the 

, astringent principle, will make a black precipitate with a solution .' 

of snlphat of iron. 

Caroline, But pray what are galls ? 

.jifr». B* They are excrescences which grow on the bark of young 

» ■ 

* Oxalic acid may be formed artificially. Put one ounce of white 
sugar, powdered, into a retort, and pour on three ounces of nitric 
acid. When the solution is over, make the liquor boil, and when it 
acquires a reddish brown colour, add three ounces more of nitric 
acid* Continue the boiling until the fumes cease, and the colour pf 
the liquor vanishes. Then let the liquor be poured into a wide ves- 
sel, and on cooling, white slender crystals will be formed. These 
'are oxalic acid.-HC. 



' 1137. What are the names of the vegetable acids ? 

1138. What i9 the composition of the basis of these acids .^ 

1139. What general quality have all vegetable acids .' 

1 140. What is the highest term of vegetable acidification ? 

1141. What acid is called the astringent principle of vegetables,? 

1 142. ^From what is it lunally extracted ? 

cl 143. What are the galls that yield this acid^ 



i 
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oaks, and are occasioned by an inject which wounds the bark of 
trees, and lays its eggs in the aperture. The lacerated Yeesels of 
the tree then discharge their contents, and form an excrescence, 
which affords a defensive covering for thesie eggs. The insect, when 
come to life, first feeds on this -excrescence, and sometime after- 
wards eats its way out, .as it appears from a hole which is formed in 
all gall-nuts that no longer contain an insect. It is in hot climates 
only that strongly astringent gall nuts are found ; those which are 
used for the purpose of making ink are brought from Aleppo. 

Emily* But are not the oak apples which grow on the leajes of 
the oak in this country of a similar nature ? 

Mrs. B. Yes; only they are an inferior species of galls, contain- 
ing less ef the astringent principle, and therefore less applicable to 
useful purposes. 

Caroline. Are the vegetable>acid8 never found but m their pure 

I uncombined state ? 

i Mrs, B. By no means ; on the contrary, they are frequently met 
' with in the state of compound salts ; these, however, are in gene- 
ral not fully saturated with the salifiable bases, so that the acid pre- 
dominates ; and in this state, they are called acidulous salts. Of 
this kind is the salt called cream of tartar. 

Caroline. Is not the salt of lemen commonly used to take oat 
ink-spots and stains, of this nature ? 

Mrs. S. No; that salt consists of the oxalic acid, combined with 
a little potash. It is found in that state in sorrel. 
Caroline, And pray how does it take but ink-spots ? 
Mrs. B. By uniting with the iron, and rendering it soluble im 

water. 

Besides the .vegetable materials which we have enumerated, a ya- 
riety of other substances, <;ommon to the three kingdoms, are found 
in vegetables, such las potash, which was formerly supposed to be- 
long exclusively to plants, and was, in consequence, called the ve- 
getable alkali. 

Sulphur, phosphorus, earths, and a yariety of metallic oxyds, are 
also found in vegetables, but only in small quantities. And we meet 
sometimes with neutral salts, formed by the. combination of these 
ingredients^ 



CONVERSATIOIir ?:». 

ON -THE DECOMPOSITION OF VEGETABLES. 

Caroline. The account which you have given us, Mrs. B., of tl^e 
materials of vegetables, is doubtless, very instructive ; but it does 
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1144. In what climatesare^stronglyasitringent gall-nuts found? 

1 145. Are the vegetable acids never found but in their pure un- 
combined state ? 

1 146. t How does the oxalic acid remove mk-spots r 

1147. What iubstapqes common to the thrwkiogdpnas^^r^foSftd 
in vegetnlftUs ?' 
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not completelv satisfy my curiosity. I wish to know how plants ob- 
tain the principles from which their various materials are formed ; 
by what means these are convenled into vegetable matter, and how 
they are connected with the life of the plant. 

Mrs. B, This implies nothing less than a complete history of the 
chemistry and physiology of vegetation, subjects on which we have 
yet but very imperfect notions. Still 1 hope that I shall be able, in 
some measure, to satisfy your curiosity. But, in order to redder the 
subject more intelligible, I must first make you acquainted with the 
various changes which vegetables undergo, when the vital power 
DO' longer enables them to resist the common -laws of chemical at- 
traction. I 

The composition of vegetables being more complicated than that ^ 
of tninerals, the former more readily undergo chemical changes than 
the latter; for the greater.the variety of attractions, the more easi- 
ly is the equilibrium destroyed^ and a new order of combinations in* 
troduced. 

^ Emiiy, 1 am surprised that vegetables should be so easily susccpt- 
tible of decomposition : for the preservation of the vegetable king- 
dom is certainly far more important than that of minerals. 

J^r^, B. You must consider, on the other hand, how much more 
easily the former is renewed than the latter. The decomposition of/ 
the vegetable takes place only after the death of the plant, which,^ 
in the common course of nature, happens when it has yielded fruit ^ 
and seeds to propagate its species. If, instead of thus finishing its 
career, each plant was to retain its form and vegetable state^ it 
would become an useless burden to the earth and its inhabitants. 
When vegetables, therefore, cease to be productive, they cease to 
live, and nature then begins her process m decomposition, in orde 
to resolve them intother chemical constituents, hydrogen, carbon 
and oxygen ; those simple and primitive ingredients, which she 
keeps in store for all her combinations. 

Emily. But since no system of combination can be destroyed ex- 
cept by the establishment of another order of attractions, how can 
the decomposition of vegetables reduce them to their simple ele- 
ments ? 

Mrs. B. It is a very long process, during which a variety of new ' 
combinations are successively established, and successively destroy-; 
ed *, but, in each of these changes, the ioefredients of .vegetable 
matter tend to unite in a more simple order of compounds, till 
they are at length brought to their elementary state, or, at least, to 
their most simple order of com lljnations. Thus you will find that 
vegetables are in the end almost entirely reduced to water and car- 
bonic acid ; the hydrogen and carbon dividing the oxygen between 
them so as to form with it these two substances. But the variety of 
intermediate combinations that take place during the several stages 

1148. Why do vegetables more readily undergo chemical chan 
ges than minerals ? 

1 149. When do vegetables become decomposed ? 

1150. Into what are vegetables reduced by decomposition ? 

1151. Since no system of combination can be destroyed, except 
by the establishment of another order of attractions, how can the de- 
composition of vegetables reduce them to their simple elements ? 
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of the decomposition of vegetables, preseot as with at new 6et of 
compounds, well worthy of our examiaation. 

Caroline, How is i( possible that veg^etables, while putreffiDg^ 
should produce any thing' worthy of observation ? 

Mra, B. They are suscceptible of undergoing certain cbanges^ 
before they arrive at the state of putrefaction, which is the final 
term of decomposition ; and of these chants we avail ourselves for 
particular and important purposes. ' But, m oraer to make you un- 
derstand this subject, which is of considerable importance, I must 
explain it more in detail. 

' The decomposition of vegetables is always attended by a violent 
internal motiou, produced by the disunion of one order of particles, 
and the combination of another. This is called fermektatiok. 
There are several periods at which this process stops, so that a state 
of rest appears to be restored^ and the new order of compounds fair- 
ly established. But, unless means be used to secure these new 
combinations in their actual state, their duration will be but tran- 
sient, and a new fermentation will take place, by which the com- 
pound last formed will be destroyed ; and another, and less complex, 
will succeed. • i 

Emily. The fermentations, then; appear to be only the successive 
steps by which a Vegetable descends to its final dissolution. 

JIrs, B. Precisely so. Your definition is perfectly correct. 

Caroline. And how many fermentations, or new arrangements, 
does a vegetable undergo before it is reduced to its simple ingre- 
dients ? 

J\fr8,B. Chemists do not exactly agree in this point; but there 
are, I think, four distinct fermentations, or periods, at which the 
decomposition of vegetable matter stops and changes its course. 
But every kind of vegetable matter is not equally susceptible of un- 
dergoing all these fermentations. 

There are likewise several circumstances required to produce 
fermentation. Water, and a certain degree of heat are both essen- 
tial to this process, in order to separate the particles, and thus weak- 
en their torbe of cohesion, that the new chemical affinities may be 
brought into action. 

Caroline. In frozen climates, then, how can the spontaneous de- 
composition of vegetables take place ? 

Jdrs, B.* It certainly cannot ; and, accordingly, we find scarcely 
any vestiges of vegetation where a constant frost prevails. 

Caroline. One would imagine that, on the contrary, such spots 
would be covered with vegetables ; for since they cannot be decom- 
posed, their number must always increase. 

Mrs. B. But, my dear, heat and water are quite as essential to 
the formation of vegetables, as they are to their decomposition. Be- 
sides, it is from the dead vegetables, reduced to their elementary 
principles, that the rising generation is supplied with sustenance. 
No young plant, therefore, can grow, unless its predecessors contri- 
bute both to its formation and support ; and these not only furnish 

1152. What is the process called, that disunites and decomposes 
he elements of vegetables ? 

1 1 53. What are the fermentations ? 

1 154. How many kinds of fermentation are there ? 

1155. What is necessary to produce fermentation ? 
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the seed from which the new plant springSi hut likewise the food by 
which it is nourished. 

Caroline. Under the torrid zone, therefore, where water is never 
frozeo, and the heat is very great, both the processes of vegetation 
and of fenneotation must, I suppose, be e&tremely rapid ? 

Mrs. B, Not so much as you imagine ; for in sucb climates great/ 
part of the water which is required for these processes is io an aeri/ 
form, state, which is scarcely more conducive either to the growthX 
or formation of vegetables tban that of ice. In those latitudes, there,/ 
fore, it is onlv in low, damp situations^ sheltered by woods from the\ 
sun's rays, that the smaller tribes of vegetables can grow and thrive 'k 
during* the drv season, as dead vegetables seldom retain water 
enough to produce fermentation, but are on tbe contrarv, soon dried 
up by the heat of the sun, which enables them to resist that process ; 
80 that it is not till the fall of the autumnal rains (which are very vio- 
lent in such climates,) that spontaneous fermentation can take place. 

The sevejal fermentations derive their names from their principal .^ 
products. Tbe first is called the setecharine fermentation^ because *^ 
its product is tugar, i 

Caroline. But sugar, you have told us, is' found in all vegetables ; 
it cannot, therefore, be the product of their decomposition. 

Mrs. B. \i is true that tliis fermentation is not confioed to the 
decomposition of vegetables, as it continually takes place during 
their life ; and, indeed, this circumstance has till lately prevented it . 
from being considered as one of the fermentations, and tbe forma- \ 
tion of sugar, whether in living or dead vegetable matter, is so ev- / 
idently a new compound, proceeding from tbe destruction of the ) 
previous order of combinations, and essential to the subsequent fer- ' 
mentations, tha^jt is now, 1 believe, generally esteemed the first 
step, or necessary preliminary to decomposition, if not an actual \ 
commencement of that process. 

Caroline. I recollect your hinting to us that sugar was supposed 
not to be secreted from the sap, in the same manner as mucilage, 
fedula, oil, and the other ingredients of vegetables. 

Mrs. B. It is rather from these materials, than from the sap itself, 
that sugar is formed ; and it is developed at particular period% as 
you may observe in fruits, which become sweet in ripening, some- 
times even after they have been gathered. Life therefore is not es- 
sential to the formation of sugar, whilst, on the contrary, mucilage, 
fecula, and the other vegetable materials that are secreted from the 
sap by appropriate organs, whose powers immediately depend on 
the vital principle, cannot be produced but during the existence of 
that principle. 

Emihf. The ripening of fruits is then their first step to destruc- 
tion as well as their last towards perfection ? 

Mrs, B. Exactly. A process analagous to the saccharine (et* 



1157. What in the torfid zone prevents the processes of vegeta- 
tion and fermentation from being rapid? 

1 158. From what do the several fermentations derive their names? 

1159. Why is the first of them called a saccharine fenifientation ? 

1160. Why wasn<yt sugar formerly considered a fermentation? 
■ 1161. Why is it at. present considered a fermentation ? 

1162. From what parts of vegetables is sug^ formed ? 

22» 
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meotation takes place also durio^ the cookings of certain vegeta- 
bles. This is the case with parsnips, carrots, potatoes, &c., IQ 
which sweetness is deyeioped by heat and moisture ; and we know 
that if we carry the process a little farther, a more complete decom- 
/ position would ensue. Tfie same process takes place also in seeds 
, p Venous to their sprouting. 

Caroline, How do you reconcile this to your theory, Mrs. B. 
Can you suppose that decomposition is the necessayry precursor of 
life? 

Mrs, B. That is indeed the case. The materials of the seed most 
be decomposed, and the seed disorg^ized, before a plant oan sprout 
from it. Seeds, besides the embryo plant, contain (as we have al- 
ready obserred) fecula, oil, and a little mucilage. These substan- 
tes are destined for the nourishment of the future plant; bat tbey 
/ undergo some change before they can be fit for this function. ^ The 
seeds, when buried in the earth, with a certain degree of moisture 
and of temperature, absorb water, which dilates them, separates 
their pairticles, and introduces a new order of attractions, of which 
bttgar is the product. The substance of the seed is thus softened, 
sweetened, and conirerted into a sort of white, milky pulp^ fit for 
the nourishment of the embryo plant. 

The saccharine fermentation of seeds is artificially produced, for 
the purpose of making mtiU, by the following process:— A quantity 
of barley is first soaked in water for two or three days: the water 
being afterwards drained off, the grain beats spontaneously, swells, 
bursts, sweetens, shows a disposition to germinate^ and actually 
sprouts to the length of an inch, when the process is stopped bv put- 
tmg it mto a kiln, where it is well dried at a gentle heat, in this 
state it is crisp and friable, and constitutes the substance called 
malU which is the principal ingredient of beer. 
EmUy, But 1 hope you will tell us how malt is made into beer ? 
Mrs. B. Certainly ;. but I must first explain to you the nature of 
the second fermentation, which is essential to that operation. This 
is called the virunu fermentations because its product is wine. 

Emily. How very different the decomposition of vegetables is 
fron^what 1 had imagined ! The products of their disorganiEatiofi 
appear almost superior to those which they yield during their state 
of life and perfection. 

Jtfr*. B. Akid do you not, at the same time, admire the beautiAil 
economy of Nature, which, whether she creates, or whether she 
destroys, directs all her operations to some useful and benevolent 
purpose? — It appears that the saccharine fermentation is extremely 
favorable, if not absolutely essential, as a previous step, to the vinous 
fermentsAion ; so that if sugar be not developed during the life of the 
plant, the saccharine fermentation must be artificially produced be- 



1163. What process analagous to saccharine fermentation takes 
place during the cooking of certain vegetables ? 

1164. How would you destsribe this fermentation in seeds prior 
to germination? 

1 165. How is saccharine fermentation exhibited in the making of 
malt ? 

1166. Why is the second fermentation called vinous ? 

1167. Why does barley resist tbe tinous fermentation until it has 
me through the saccharine 
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fore thd yinous fermentation can take place* Thh is tb^ case with 
barley, which does not \ ield any sugar until it is made into malt ; 
and it is in that state only that it is susceptihJe of undergoing the 
vinous fermentation by which it is converted into beer. 

Caroline, But if the product of the vinous fermentation is always 
wine, beer cannot have undergone that process, for beer is certain- 
ly not wine. 

Mrs. B, Chemically speaking, beer may be considered as the 
wine of grain. For it is the product of the fermentation of malt, 
just as wine is that of the fermentation of grapes, or other fruits. 

The consequence of the vinous fermentsttibn is the decomposition "^ 
of the saccharine matter, and the formation of a spiritous liquor from S 
the Constituents of the sugar. But in order to promote thi^ ferment- ^ 
ation, not only water and a Certain degree of beat are necessary, but 
some other vegetable ingredients, besides the sugar, as fecuki, mu- i 
cilage, acids, salts, extractive matter, &c. all of which seem to con- 
tribute to this process, and giv6 to the liquor its peculiar taste. 
^ Emily. It is, perhaps, for this reason, that Wine is not obtained 
from the fermentation of pure sugar ; but that fruits are chosen for 
that purpose, as they contain not only sugar, but likewise the other 
vegetable ingredients which promote the vinous fermentation, and 
give the peculiar flavour. 

Jfn, B. Certainly. And ydti must observe, also,- that the relative 
quantity ofsugar is not the only circun^stance to be considered in the 
choice of vegetable juices for the formation of wine ; otherwise the 
sugar-cane would be best adapted for that purpose. It is rather the 
manner and proportion in which the sugtfr is mixed with other vege- 
table ingredients that influences the production and qualities of wine. 
And it is found that the juice of the grape not only yie^da the most 
considerable proportion of wine, but that it likewise affords it of the 
most grateful flavour. 

Emily. I have seen a vintage in Switzerland, abd I do not re- 
collect that beat was applied, or water added, to produce the fer- 
mentation of the grapes. 

Mrs. B. The common temperature of the atmosphere in the cel- 
lars in which the juice of the grape is fermented is suffioiently warm 
for this purpose ; and as the juice contains an ample supply df water, 
there is no occasion for any addition of it* But when fermentation is 
produced in dry malt, ^ quantity of water must necessarily be added. 
EmUy. But what are precisely the chang^es that happen during 
the vinous fermentation ? 

Mrw. B» The sugar is decomposed, and its constituents are re- 
combined into two new substances : the one a peculiar liquid sub- 
stance, called cUeohol or tfnrU cf tinner which remains in the ^uid ; 
the other, carbonic acid gas, which escapes during the fermentation. 
Wine, therefore, as I before observed, in a reneral point of view, 

may be considered as a liquid, of which adcohd constitutes the edsen- 

' - • . — -•—■■■■ 

1 1 68. What is the consequence of the vinous fermentation ? 

1 169. Wbat is necessary to produce this fermentation ? 

1 170. Why are grapes chosen foir wine instead of pui e sugar? 

] 171 What is to be considered in the choice df vegetable jiiices 
for the foifmation of wine ) 

1 172. What are the changes that happen duritig the vinous fer- 
mentation ? 
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Ual part And the yariety of strength and flarour of the different 
kinds of mne, are to be attributed to the different qualities of the 
fruits, from which they are obtained, independently of the sugar. 

Caroline, 1 am astonished to hear that so powerful a liquid as spir- 
it of wine should be obtained from so mild a substance as sugar. • 

Jdrs. B. Can you tell me in what the principal difference consists 
between alcohol and su|far? , . ^ , . j 

Carolina. Let me reflect ;— Sugar consists of carbon, hydrogen, 
and oxvgen. If carbonic acid be subtracted from it, during the for- 
mation of alcohol, the latter will contain less carbon and oxygen 
than sugar does J therefore hydrogen must be the prevailmg prin- 
ciple of alcohol. ' ^ ru 

Mrs. B, It is exactly so. And this very large proportion of by- 
droffen accounts for the lightness and combustible property of alco- 
hol, and of spirits in general, all of which consist of alcohol vari- 

Emilyt And can sugar be recoroposed from the combination of 

alcohol and carbonic acid ? ^ . /r *• 

Jdn. Bi Chemists hayc never been able to succeed m ettectinjf 
this • but from analogy I should suppose such a recofti position possi- 
ble.** Let us now obserye more particularly, the phenomena that 
take place during the vinous fermentation. At the commencement 
of this process, heat is evolved, and the liquor swells c6nsiderabW 
from the formation of the carbonic acid, which is disengaged in such 
prodigious quantities as would be fatal to any person who should una- 
wares inspire it ; an accident which has sometimes happened. If the 
fermentation be stopped by putting the liquor into barrels, before 
the whole of the carbonic acid is evolved, the f^ine is brisk, like 
Champagne, from the carbonic acid imprisoned in it, and it tastes 
sweet, like cider, from the sugar not being completely decomposed. 

JSwi/w. But 1 do not understand why heat should be evolved do- 
ring this operation. For, as there is a considerable formation of gas 
in which a proportionable quantity of heat must become insensible, 
I should have imagined that cold, rather than heat, would have 
been produced. 

Jtfrt. B, It appears so on first consideration ; but you must recol- 
lect that fermentation is a complicated chemical process^ ; and that, 
during the decompositions and recompositioos attending it, a quanti- 
ty of chemical heat may be disengaged, sufficient both to develope 
Se gas, and to effect an increase of temperature^ When the fer- 
mentation is completed, the liquid cools and subsides, the efferves- 
cence ceases, and the thick, sweet, sticky juice of the fruit, is con- 
verted into a clear, transparent, spirituous liquor, called wine. 

Emily, How much I regret not having been acquainted with 
the nature of the vinous fermentation, wh^n I had an opportunity 
of seeing the process. 

Mrs, B. You have an easy method of satisij ing yourself m that 

1 ] 73. What is the principal difference between sngar and alcohol ? 

1 174. Can sugar be recompOsed by the combination of alcohol 
and carbonic acid ? 

1 1 75. What takes place at the dommencement of the vinous fer- 
mentation ? 

1 176. Why is Champagne wine so brisk ? 

1 177* What process is analagous to th^ inakingf of wine ? 
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rjespect by obseiriog the process of brewing, which in every essen- 
tial circumstance, is similar to that of makings wine, and U really a 
very curious chemical operation. . 

Although we canpot actually make wine at this moment, it will be 
easy to show you the mode of analyzing it. This is done by distil- 
lation. When wine of any kind is submitted to this operation, it is 
found to contain brandy, water, tartar, attractive colouring matter 
and some vegetable acids. I have put aiittle Port wipe mto thi^ 



alembic of glass, & 
on placing the lamp 
under it, you will 
soon see the spirit 
and water succes- 
sively come over — 

Emily, But you 
do not mention al- 
cohol amongst the 
products of the dis- 
tillation of wine; 
and yet that is its 
most essential in- 
gredient. 

Jtfr*. B, The at- 
cobol is contained 
in the brandy which 
is now coming over 
and dropping from 
the still. Brandy is 
nothing more than 
a mixture of alcohol 
and water ; and in 
order to obtain the 
alcohol pure, we, 
roust ag^n distil it 
from brandy. 



(Fig. 34.) 
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JL ^embie.— ^B. Luap.'-'^. Wiaa, 



Caroline* I have jdst taken a drop on my finger ; it tastes like 
strong brandy, but it is without colour, whilst brandy is of a deep 
yellow. . 

Mrs. B, It is not so naturally ; in its pure state, brandy is colour- 
less, and it obtains the yellow tint you observe, by extracting the 
colouring matter from the new oaken casks ita which it is kept. But 
if it does not acquire the usual tinge in this way, it is the custom to 
colour the brandy used in this country artificiallv with a litte burnt 
sugar, in order to give it the appearance of having been long kept. 

Caroline. And is rum also distilled from wine? 

Mrs. B. By no means ; it is distilled from the suga^ cane, a plant 
which contains so great a quantity of sugar, that it fields more al- 
cohol than almost any other vegetable. After the juice of the cane 
has been pressed out for making si^gar, what still remains* in the 
bruised cane is extracted by water, and this watery solution of su- 
gfar is fermented, and produces rum. 

1 ns. When wine is distilled what is the product ? 

1179. What is brandy?, 

1180. From what does brandy obtain its colouring? 
H81. From what and how is rtfm distilled ? 
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The spiritous liqaor called arack is in a similar manner distilled 
from the product of the vinous fermentation of rice. 

Emily* But rice has no sweetness ; does it contain any sug^r f 

Jiirs. B, Like barley, and most other seeds, it is insipid until it 
has undergone the saccharine fermentation ; and this', you must re- 
colll^t, is always a previous step to the vinous fermentation in those 
vegetables in which sugar is not already formed. Brandy may, in 
the same manner, be obtained from malt. < 

Caroline. You mean from beer, I suppose ;, for the malt mast 
have previously undergone the vinous fermentation. 

Jlfr«. B. Beer is not precisely the product of the vinous ferment- 
ation of malt. For hops are a necessary ingredient for the forma^ 
tion of that liquor ; whilst brandy is distilled from pure fermented 
malt. But brandy, no doubt, might be distilled from beer, as well 
as from any other liquor that has undergone the vinous fermenta- 
tion : for since the basis of brandy is alcohol, it may be obtained . 
from any liquid that contains that spiritous substance. 

Emily, And pray, from what vegetable is the favourite' spirit of 
the lower orders of the people, gin, extracted ? 

J^8. B» The spirit (which is the same in all ferment^ liquors) 
mayl)e obtained froiii any kind of grain ; but the peculiar flavour 
which distinguishes gin is that of juniper berries, which are distilled 
together with the grain. 

I think the brandv contained in the wine which we are distillin^^ 
must, by this time, be all come over. Yes — taste the liquid that is 
now dropping from the alembic. 

Caroline. It is perfectly insipid, like water. 

Jtfrf. £. It is water, which as I was telling you, is the second 
product of wine, and comes over after all the spirit, which is the 
lightest part, is distilled.- The tartar, and extractive colouring 
matter we shall find in a solid form at the bottom of the alembic. 

Emily. They look very much like the lees of wine. 

Jdr». B And in many respects, they are of a similar nature, for 
lees of wine consist chiefly of tartrit of potash ; a salt which exists 
in the juice of the grape, and in many other vegetables, and i^ de- 
veloped only by the vinous fermentation. During this operatidh, it 
is precipitated, and deposits itself on the internal surface of the 
cask in which the wine is contained. It is much used in medicine, 
and in various arts, particularly dying, under the name of cream of 
tdftar, and it is from this salt that the tartarous acid is obtained. 

Caroline. But the medicinal cream of tartar is in appearance, 
quite diffierent from those dark colotired dregs; it is perfectly 
colourless. • 

Jkfi, B. Because it consists of the pure salts only, in its crystal- 
lized form ; whilst in the instance before us, it is mixed with the 
d^p coloured extractive matter, and other foreign ingredients'. 

Emily. Pray, cannot we now obtain pure alcohol from the bran- 
dy which we have distilled ? 

Jtfrf . B. We might ; but the process would be tedious ; for in 
order to obtain alcohol perfectly free from water, it is necessary to 
distil, or, as the distillers call it, rectify it several times. You must 

1182. From what and how is gin distilled ? 

1183. What is the origin of the cream of tartar ? 

1184. From what vtkzj alcohol be obtained ? ' 
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therefore, allow me to produce a bottle of alcohol that has been 
thus purified. This is a very important ingredient, which has many 
striking prpperties, besides its forming the basis of all spiritous 
liquors. 

Emiiy. It is alcohol, I suppose, that produces intoxication ? 

Jlfr^. J?., Certainly ; but the. stimulus and momentary energy it ' 
gives to the system!! and the intoxication it occasions when taken 
in excess, are circumstances not yet accounted for. 

Caroline. I thought that jt produced these effects by increasing i^ 
the rapidity of the circulation of the blood ; for drinking win^ pr \ 
/spirits,.! hatve heard jalways quickens the puke. ( 

Jlfr^sB. No.4oubt ; the spirit by stimulating the nerves increases • 
the actioD^of thejhuscles ; and the h^art, which is one of the strong- 
est muscular organs, beats with augmented vigour, and propels ths 
blood with accelerated quickness: After such a strong excitation 
the frame naturally suffers a proportional degree of depression, so 
that a state of debility a^d languor, is the invariable consequence 
of intoxication. Hut though these circumstances are well ascer* 
tained, they are:>far from explaining why alcohol should produce 
such effects. 

Emily* Liqueurs are the only kind of spirits which I think plea- 
sant. Pray, of what do they consist ? 

Mrs* B, The;^ are composed of alcohol, sweetened with syrup, 
and flavoured with volatile oil. 

The different kinds of odoriferous spiritous waters are likewise 
solutions of volatile oil in alcohol, at lavender, water, eau de Co* \ 
looge, &c. 

The chemical propeities of alcohol are important and nnmerouf . 
It is one of the most powerful chemical agents, and is particularly 
useful in dissolving a variety of substances, which are soluble, nei- / 
th^rJiy water nor heat. ^ 

Emily. We have seei^;it dissolve copal and mastic to form var?- 
nishes ; and these resins are certainly tiot soluble in water, since 
water precipitates them foom their solution in alcohol. 

jtfrf. B. I am happy -to find that yep recollect these circum- 
stances so ^ell. T$e same experiment affords also an instance of 
another property of alcohol,~-it8 tendency to udite with water ; for 
the resin is precipi^ted in c;onsequence of losing the alcohol, which 
abandons it from its preference for water. It is intended also, as 
you may recbllect, ;irith. tl^e ^ame peculiar circumstance of a dis- 
engagement of heat, and consequent diminution of bulk, which we 
bave supposed to be produced by a mechanical penetration of par- 
ticles, by which latent heat is forced out. 

Alcohol unites thus readily not only with resins and with water, 
hut with oils and balsams; these compounds form the. extensrre 
class of elixirs, tincfure^,^,quintessepces,; kc. 

,EmUy. I suppose that alcohol must be highly combustible,, since! 
it,contains so large a proportion of hydrogen. 



J1185. What is the intoxica^og principle in spiritous Jigucgrs f 
1166. How does it produce this effect ? 

1187. What are the dtfierent -kinds of odoriferous spicitonSf wa- 
fers? 

1188. What are some of the most peculiar uses of alcohol? 
^4189. Why are brandy and othec spiritous liquors ^ c«^QRjl>a$tjib^e ? 
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Mrs, B, Extremely so ; and it frill bum at a very rftoderate 
temperature. 

Caroline, I have often seen both brandy and spirit of wine burnt; 
tbey produce a g^reat deal of flame, but not a proportional quantity 
of beat, and no smoke whatever. 

Mrs, ^. The last circumstance arises from their combustion be- 
ing' complete ', and the disproportion between the flame and beat 
shows you that these are by no means synonymous. 

The great quantity of flame proceeds from the combustion of the 
hydrogen, to which you know that manner of burning is pecbliar. - 
Have you not remarked also, that i)randy and alcohol will burn 
without wick ?— They take fire at so low a temperature, that this 
assistance is not required to concentrate the heat and volatilize tlie 
fluid. 

Caroline. I have sometimes seen brandy burnt by merely heating 
it in a spoon. 

Mrs, B, The rapidity of tbe combustion of alcohol, may, bow- 
ever, be prodigiously increased by first volatiliziiig. An ingenious 
instrument has been constructed on this principle to answer tbe 
purpose of a blow-pipe, which may be used for meltmg glass, or other 
chemical purposes. It consists of a small metallic vessel, [^%, 35^) 



Fig. 35. 
Alcohol Blowpipe, 




of a spherical shape, 
which contains the alco- 
hpl, and is heated by the 
lamp beneath it ; as soon 
as tbe alcohol is vola- 
tilized, it passes thro' the 
spout of the vessel, and 
issues just above tbe 
wick of the lamp which 
immediately sets fire to 
tbe stream of vapour, as 
I shall show you.* 

Emily, With what 
amazing violence it 
bums ! The flame of i 
alcohol, in the state of 
vapour, i8,I fancy.mucb ^ Th. h-p.-E. Tk, t—i i. wh«A ui. JUckoi u h^ 

tlOtter than when tne \ag — F. Safctj ralra. — G. Tbt ioliuQ«d jtt or ttMin of al- 
Spirit is merely' burnt **^^^ dmcied tewtrdt m fUai tubt H. 

Jna spoon. 

Mrs, B. Tes ; ^because m this way the combustion goes on much 
quicker, and, of course, tbe heat is proportionally increased.-r-^b- 

.."^^""""■^ 

* A spirit lamp, which answers very .well for bending small glass 

■ tubes, may be constructed by almost an^ one. Take a low. vial 

. with a wide mouth, fit a fiork to it, and pierce the cork to admit a 

piece of glam» tube, the bore of which is about tbe size of. a large 

^ — - J ■ - 1 1 — - '~~ — ^^^^ 

1190. Why is no smoke produced when brandy or spirit of wine 
. is burnt f 

1191. Why> will brandy, ^nd alcohol burn without a wick ? 

1192. How would you describe the experiment represented in 
fig. 36? ' 

1.193, ffyvt W9uld you cii|BGribe 1}i%spirit lamp ? 
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serve its effect on this small glass tube, the middle of which I pre- 
sent to the extremity of the flame, where the heal is g^reatest. 

Caroline. The glass, in that spot, is become red hot, and bends 
from its own weight. 

J^r». B* 1 have now drawn it asunder, and am going to blow a 
ball at one of the heated ends ; but 1 must previously close it up 
and flatten it with this little metallic instrument, otherwise the 
breath would pass through the tube without dilating any part of it 
— Now Caroline, will you blow strongly into tbe lube whilst the 
closed end is red hot ? 

Ermly. Y o\x h\oyv too bard; for the ball suddenly dilated to a 
gfreat size, and then burst into pieces. 

\ Mrs, B, You will be more expert another time ; but I must cau- 
tion you, should you ever use this blow-pipe, to he very careful that 
tbe combustion of'the alcohol does not goon with ton great vio- 
lence, for I have seen the flame sometimes dart out with such force 
as to reach the opposite wall of the room, and set the paint on fire. 
There is, however, no danger of the vessel bursting, as it is provi- 
ded with a safety tube, which affords an additional vent for the va- 
pour of alcohol when required. 

The products of the combustion of alcohol consist in a great pro- 
porlion of water, and-a small quantity of carbonic acid. There h 
no smoke or fixed remains whatever. — How do you account for 
that, Emilv .? 

Eri(iHy* 1 suppose that the oxygen which the alcohol absorbs in 
burnmg, converts its hydrogen into water, and its carbon into cai^- 
bonic acid ffas, and thus it is completely consumed. 

Jlfr». B. Very well. — Elher^ the lightest of all fluids, and with 
which you are well acquainted, is obtained from alcohol, of which 
it forms the lightest and most volatile part. 

Emify, Ether, then, is to alcohol, what alcohol.is to brandy. 

Mrs, B. No ; there is an essential difference. In order to ob- 
tain alcohol from brandy, you need only deprive the latter of its 
water; but for the formation of ether, the alcohol roust be decom- 
posed, and one of its constituents partly subtracted. I leave you to 
guess which of them it is. 

Emily. It cannot be hydrogen, as ether is more volatile than al- 
cohol, and hydrogen is the lightest of all its ingredients : nor do I 
suppose that it can be oxygen, as alcohol contains so small a propor- 
tion of that principle ; it is, therefore, most probably, carbon, adi- 
noinutioo of which would not fail to render the new compound more 
volatile. 

Mrs. B. You are perfectly right. The formation of ether con- 
sists simply in subtracting from the alcohol a certain proportion of 
carbon ; this is eflected by tbe action of the sulphuric, nitric, or ran- 

goosequill. Let the tube rise an inch or two above the cork — 
pass some cotton wick through the tube— then fill the vial with al- 
cohol, and put the cork and tube in their places. The lamp is then 
ready. — C. ^ 

' ' ■ - ■ ■■' ■ ■ ■ ■ ■! ■■ H I .. 

1194. What is the composition of alcohol ? 

1195. From what is ether obtained ? 

1 196. How does it differ from alcohol ? 

1 197. In what does the formation of ether consist t 
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riatic acids, on alcohoL Tbe^cid and carbon remain at the bet* 
tomof the yeseel, whilst the decarbonized alcohol flies off in the 
form of a condensabie vapoar, which is ether. 

JE(ber is the most ipflammable of all fluids', and burns'at so low a 
temperatuFe that the heat eyolved during' its combustion is more 
than is required for its support, so that a quantity of ether is yolati* 
lized, which takes fire, and gradually increases the violence of the 
combustion. 

Sir Humphrey Dayy has lately discovered a very singular fact re- 
specting the vapour of ether. If a few drops of ether be poared in^ 
to a wioe- glass, and a fine platina wire, heated almost to redness, be 
held suspended in tl\e -glass, close to (he surface of the ether, the 
wire soon becomes intensely red hot, and remains so for any leog'th 
of time. We u)ay easily try the experiment. 
» Caroline. How very curious ! The wire is almost white hot, and 
a pungent smell rises from the glass. Pray how is this accounted 
for.? 

tMrs. B. This is owing to a very peculiar property of the vapour 
of ether, and indeed of many other combustible gaseous bodies. At 
a certain temperature lower than that of ignition, these vapours un- 
dergo a slow and imperfect combustion, which does not give rise, 
IB any sensible degree, to the phenomena of light and flame, and 
yet extricates a quantity of caloric sufficient to re-act upon the 
wire, and make it red hot, and the wire in its turn keeps up the ef- 
fect as long as the emission of vapour continues. 

This singular effect, which is also produced by the alcohol, may 
be rendered more striking, and kept up for an indefinite leng^ of 
time, by rolling a iew coils of platina wire, of the diameter of from 
about l-60tb to l-70th of an inch, round the wick of a spirit-lamp. 
If this lamp be lighted for a moment, and blown out again, the wire, 
after ceasing for un instant to be luminous, becomes red hot again, 
^ though the lamp is extinguished, and remains glowing vividly, till 
the whole of the spirit contained in the lamp has been evaporated 
and consumed in this peculiar manner. 

Caroline, This is extremely curious;. But why should not an 
iron or silver wire produce the same effect } 

J\Sri. B, Because either iron or silver, being much better con- 
ductors of heat than platina, the heat is carried off too UaX by tfaose 
metals to allow the accumulation of caloric necessary ia prodoce 
the effect in question. 

Ether is so light that it evaporates at the common temperatuve of 
the atmosphere ; it is dierefore necessary to keep it confined by a 
well ground glass stopper. No degree of cold known has ever m>- 
z^en it.* 



* Ether freezes and shoots into crystals, at 46^ below the zero of 
Fahrenheit.— C. 

1 1 98. W hat is the most inflaramable of all bodies ? 

1199. What singular effect has Sir H. Davy lately discovered re- 
specting the vapour of ether ? 

1201). H w may this effect be rendered more striking ? 

1201. Why would not an iron or silver wire produce the bwdc 
effect.? '^ 

1202. At what degree of cold will ether freeze.^ 
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CmroHne, U it Dot often takes medttinallj ? 

Mrt B, Tes ; it Is one of the most effectual aDtispasmodic medi- 
cines, and the quickness of its effects, as such, probably depends on 
its being instantly concerted into vapourby the heat of the stomach, 
tbrongh the intervention of which it acts on the nervous system^ 
But the frequent use of ether, like thatof spiritous liquors, becomes 
prejudfcial, and, if taken' to excess, it produces effects similar tb 
those of intoxication. 

We may now take our leave of the vinous fermentation, of which, 
I hope, you have acquired a clear idea ; as well^s of the several 
products that iare derived from it. 

Caroline. Though this process appears, at first sight,' so much / 
complicated, it may, I think, be summed up in a few words, as it S 
consists in the conversion of sugar and fermentable bodies into aico- > 
bol and carbonic acid, which gives riise both to the formation of ) 
wisfe, and of all kinds; of spiritous liquors. ^ 

•Mn. B We shall now proceed to the acetous fermentaHon^ which / 
is thus called, because it converts wine into vinegar, by the forma- / 
tion of the acetous acid, which is the basis or radical of vinegar. ) 

Caroline. But is not the acidifying principle of the acetous acid ? 
the same as that of all other acids,<oxygen ? 

Jd^rt. B. Certainly : and on that account the contact of air is es-N 
sential to this fermentation-, as it affords the necessary supply of ox> 
ygen. ^ Vinegar, in order to obtain pure acetous acid from it, must • 
be distilled' and rectified by certain processes. ' 

Emily. But pray, Mrs. B. is not the acetous acid frequently 
formed without this fermentation taking, place ? Is it dot, for in- 
stance, contained in acid fruits, and in every substance that be- 
comes sour? . 

Jlfri. B. No, net in fruits; you confound it vrith the citric, he 
malic, the oxalic, and other vegetable acids, to which living vege- 
tables owe their acidity. But whenever a Vegetable substance 
turns sour, after it has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in which the substance ad- 
vances a step towards its final decomposition. 

Amongst the valrious instances of acetous fermentation that of 
bread is usually classed. 

Caroline. But the fermentation of bread is produced by yeast ; 
how does that effect it f 

Mrs, B. It is found by experience that any substance that has 
already undergone a fermentation, will readily excite it in one that 
is susceptible of that process. If, for instance, you mix a little vine- 
gar with wine, that is intended to be acidified, it will absorb oxygen 
more rapidly, and the process be completed much sooner, than if lef^ 
to ferment spontaneously. Thus yeast,- which is a product of tb^ 
fermentation of beer, is used to excite and accelerate the fermenta .. 

1203. How may the prooess of the vinous fermentation be ex- 
pressed in a few words ? 

2204. Why is the third fermentation called acetous ? 

1205. Why is the contact of air necessary to produce the acetous 
fermeutation ? 

1206. What is the reason that wine, or cider, when corked tight 
does not turn to vinegar ? 

1207. How is the fermentation of bread produced by yeast ^ 
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tioD of malt, which is to be cqpverted into beer» as well as that of 
paste, which is to be made into bread. 

Caroline, Bat if bread undergoes the acetous fermentation, why 
is itoot Bour? 

•Afri. B. It acquires a certain savour which corrects the heavy 
insipidity of flour, and may be reckoned a first degree of acidifica- 
tion, or if the process were carried further, the bread would become 
decider) ly acid. 

There are. however, some chemists who do not consider the fer- 
mentation of bread as being of the acetous kind, but suppose, that it 
is a process of fermentation pecuhar to that substance. 
f The putrid fermeniatiwi 18 ihe^DiA operation of Nature and her 
last step towards reducing organized bodies to their simplest com bi- 
' nations. All vegetables spontaneously undergo this fermentation 
after death, provided there be a sufficient degree of heat aod mois- 
^'ture, together with access of air ; for it is well known that dead 
plants may be preserved by drying, or by the total exclusion of air. 

Caroline, But do dead plants undergo the other fermentations 
previous to this last ; or do they immediately suffer the putrid fer- 
mentation ? 

Jlfr*. B. That depends on a variety of circumstances, such as the 
degrees of temperature aod of moisture,the nature of the plant itself, 
&c. But if you were carefully to follow and examine the decompo- 
sition of plants from their death to their final dissolution, you would 
generally find a sweetness developed in the seeds, and a spiritoos fla- 
vour in the fruits (which have undergone the saccharine fermeota- 
tion,)previous to the total dfsorg^iiizatfon and separation of the parts. 

Emily, I have sometimes remarked a kind of spiritous taste in 
fruits that were over- ripe, especially oranges, and tnis was just be- 
fore they became rotten. 

Jin, B, It was then the vinous ferinentation, which had succeed- 
ed the saccharine and had you followed up these changes attentive- 
ly, you would probably have found the spiritous taste followed by 
acidity, previous to the fruit passing to the state of putrefaction. 

When the leaves fall from the trees in theautumn, they do not (if 
there is no great moisture in the atmosphere) immediately undergo 
a decomposition, but are first dried and withered ; as soon, howev- 
er, as the rain sets in, fermentation commences, their gaseous pro- 
ducts are imperceptibly evolved into the atmosphere, and their fixed 
remains mixed with their kindred earth. , , 

Wood, when exposed to moisture, also undergoes the .putrid fer- 
mentation, and becomes rotten. 

Emily, But I have heard that the dry rot, which is so liable t« de- 
stroy the beams of bouses, is prevented by a current of air ; and yet 
you said that the air was essential to the putrid fermentation ? 

J^rs, B. True ; but it must not be in such a proportion to the 
moisture as to dissolve the latter, and this is generally the case when 

_ I 

1208. \Vhy then is it not sour .? 

1^(29. What is the final fermentation in reducing organized bodies 
to their simplest combinations ? 

1210. What is mentioned of oranges, and other over-ripe fruit, as 
illustrating the above principles of fermentation •» 

121 1 What is said of the fermentation of leaves ^ 

1212. How may the dry rot be prevented ? 
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the rotting of wood is prevented or stopped by the free access of air. 
What is commonly called dry rot, however, is not, I believe, a true 
process of putrefaction. It is supposed to depend on a peculiar kind) 
of vegetation, which, by feeding on the wood, gradually destroys it. . 

Straw and all other kinds of vegetable matter undergo the py trici ] 
fermentation more rapidly when mixed with animal matter. Much 
heat is evolved during this process, and a variety of volatile products ; 
are disengaged, as carl)onic acid and -hydrogen gas, the latter of / 
which is u*equent|y either sulphurated or phosphorated. When all) 
these gases have been evolved, the fixed products, consisting of car-? 
bon, small quantities of salts, potash, &c. form a kind of vegetable ^ 
earth, which makes very fine manure, as it is composed of those ele- > 
ments which fornii the immediate materials of plants. 

Caroline, Pray are not vegetables sometimes preserved from de- ^ 
composition by petrifaction F 1 have seen very curious specimens qf. 
petrified vegetables, in which state they perfectly preserve their forn>\ 
and organization, "though in appearance they are changed to stone.. 

J^rs, B, That is a kind of metamorphosis, which, now that you ' 
are tolerably well versed in the history of mineral and vegetable, 
substances, I leave to your judgment to explain. Do you imagine . 
that vegetables can be converted into stone .^ 

Emily. ISo, certainly; but they might, perhaps, be changed to a 
substance in appearance resembling stone. 

Jtfri. B. It is not so, however, with the substances that are called 
petrified vegetables ; for these are really stone, and generally of the 
hardest kind, often consisting chiefly of silex. The case is this : 
when a vegetable is buried under water, or wet in earth, it is slowly 
and gradually decomposed. As each successive particle of the veg- ; 
etable is destroyed, its place is supplied by a particle of silicious 
earth, conveyed thither by the water. In the course of time the 
vegetable is entirely destroyed, but the silex has completely re- 
placed it, having assumed its form and apparent texture, as xf the 
vegetable itself were changed to stone. 

Caroline, That is very curious ! and I suppose that petrified sni- 
roal substances ,are of the same nature ? 

Mrs* Bi Precisely. It is equally impossible for either animal or' 
vegetable substances to be converted into stone. They may be re- 
duced, as we find they are, by decomposition, to their consti'tuent 
elements, but cannot be changed to elements which do not enter 
into their composition. 

♦ Petrefactions are of two kinds, viz. ^^iceou^, when flinty parti-', 
cles take the place of the origfinal substance, and ealcareousy where^^ 
the substance appears to be changed to lime-stone. The first kimij/ 
gives fire with steel, and the other effervesces with acids. — C. 

J213. On what is the dry rot supposed to depend ?, 

1214. Why will animal matter, mixed with straw and other vegr 
etable substances, hasten fermentation ? 

1215. What are vegetable petrifactions ^ 

1216. How are vegetable petrifactions formed .? 

12 1 7. How many kindt of petrifaeiions are there ? 

i$,\B. TTM are they called^ and whajt are their prop.erties.f 

.83* 
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There are, boweFerfCircumstaDces which frequently prey^nt the 
regular and final decompoBition of vegetables : as for instance, when 
they are buried either in the sea, or in the earth, where they cannot 
undergo the putrid fermentation for want of air. In these cases 
they are Subject to a peculiar change, by which they are converted 
into a new class of compounds, called bitumens, 

Carolme, These are substances 1 never heard of before. 

Mrs. B, You will find, however, that some of them are very fa- 
miliar to you. Bitumens are vegetables so far decomposed as to re- 
tain no organic appearance ; but their origin is easily detected by 
their oily nature, their <iombustibilily, the products of their analy- 
sis, and'the impression of the forms of leaves, grains^fibres of wood, 
and even of animals, which they frequently bear. 
; They arte sometimes of an oily, liquid consistence, as the sub- 
/ stance called nff/z^/io* in which we preserved potassium ; it is a fine 
^ trausparenl, colourless fluid, that issues out of clays ih some parts of 
Persia. But more frequently hi tu me us are solid, as asphaltitm a 
smooth, bai'd, brittle substance, which easily melts, and torms, in its 
liquid state, a beautiful dark brown color f^ oil painting. Jet^ 
which is of a still harder texture, is a peculiar bitumen, susceptible 
of 80 fine a polish, that it is used for many ornameotalpurposes. 

Coal is also a bituminous substance, to the composition of which 
'both the mineral and animal kingdoms seera to concur. This most 
useful mineral appears to consist chiefly of vegetable matter, mixed 
with (he remains of marine animals and marine salts, and occasion- 
ally containing a quantity of sulyhuret of irotf, commonly called 
pyrites. 

Emily, It is, I suppose, the earthy, the metallic, and the saline 
parts of coals, that compose the cinders or fixed products of their 
combustion: whilst the hydrogen and carbon, which- they deriye 
from vegetables, constitute their volatile products. 

Caroline. Pray is not coke, (which I have heard is much used in 
some manufactures,] also a bituminous substance ? 

Mrs. B, No; it is a kind of fuel artificially prepared from. coals. 
It consists of coals reduced to a substance aualagous to charcoal by 
•the evaporation of their bituminous parts. Coke, therefore, is com- 
posed of carbon, with some earthy and saline ingredients. 

Sucein^ QV yellow amber, is a bitumen which the ancients called 
eUctrum, from whence the word electricity is derived, as that sub- 
stance is peculiarly, and was once supposed to be exclusively, elec- 
tric. It is found cither deeply buried in the bowels of the earth, or 

* Naptha appears to be the only fluid in which oxygen does not 
exist ; hence its property of preserving potassium which has so strong 
an affinity for oxygen as to absorb it from all other fluids. It how- 
ever loses this property by exposure to the atmosphere, probably, 
because it absorbs a small quantify of air, or moisture. It is agaim 
restored by distillation. — C. 



]$li9. What are bitumens, and how are they formed f 
12^0. What is asphaltum ? 

1221. What is jet? 

1222. What is coal? 

1223. Flow does coke differ from coal ? 

1224. What is yellow amber ?• 
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floating OD the sea, and is supposed to be a resinous body which has 
been acted on by sulphuric acid, as its analysis shows it to consist 
of an oil and an acid. The oil -is called ^il of amber : the acid the 
sticeinnie, 

Emily, That oil I have sometjmes used in painting, as it is reck- 
oned to change less (ban the other kinds of oiL 

Mrs, B, The last class of vegetable substances that have change 
ed their nature are foml-^ood^ peat, and turf. These are com- | 
posed of wood and roots of shrubs, that are partly decomposed by 
«being exposed to the moisture under ground, and yet in some meas- 
ure, preserve their form and organic appearance. The peat, or 
black earth of the moors, retains but few vestiges of the roots to 
which it owes its richness and combustibility, tfbese«jubstances be- 
ing in the coyrse of time, reduced to the state of vegetable earth. 
Butin turf the roots <)f. plants are still discernible and it equally an- 
swers the purpose of fuel. It is the combustible used by the poor in 
heathy countries, which supply it abundantly. 

It is too late this morning to enter upon the histoid of vegetation. 
We shall reserve this subject, therefore, to our next intervievi:., 
when I expect that it will/urnish us with ample matter for another 
conversation. 



CONVERSATION XXtt. 

BiBTOBY OF Vegetation* 

Jlfr#. B. The vegetable kingdom may be considered as the link , 
which unites the mineral and animal creation into one common ^ 
chain of beings ; for .it is through the means of vegetation alone that '• 
mineral substances are introduced into the animal system ; since, ., 
generally speaking, it is from vegetables thatall animals ultimately \ 
derive their sustenance. 

Caroline. I do not understand that ; the human species subsist &■ 
much on animal as on vegetable food. 

Mrt, B. That is true ; but you do not consider that those that live 
on animal JTood, derive their sustenance equally, -though not so im- ' 
mediately, from vegetaibles. The meat which we eat is formed 
from the herbs of the field, and the prey of carniverousanimals pro- 
ceeds either directly or indirectly from the same souroe. It is, 
therefore, through this channel, that the simple elements become a 
part of the animal frame. We should in vain attempt to derive 
nourishment from carbon, hydrogen, and oxvgen, either in their 
separate state or combined in the mineral kmgaom ; for it is only by 



12:25. Where is it foand ? 

1^6. What are fossil-wood, peat and turf? 

1227. Why does naptha preserve potassium ? 

1228. What isconsidered as uniting the mineral and animal or0> 
ation ? 

1229. From whence do all animsJs derive their sustenance? 

1230. In what state are carbon, hydrogen, and oi^eii capable 
^ef affording nourishment ? 
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/ bding: united io the form of reg^etable cotnbinatioD that tbejr liecome 
. capable of cooFeyiog DouTishmeat. 

Emily. Vegetation, then, seems to be the method which Nature 
employs to prepare the food of aoimals ? 

Mrs. B. That is certainly Its principal object. The Fegetable 
creation does not exhibit more wisdom in that admirable system of 
organization, by which it 4s enabled to answer its own inuncNiiate 
ends of preservation, nutritioni^nd propagation, than in its grand 
and ultimate object of forming those arrangements and combina- 
tions of principles, which are so well adapted for the nourishment 6f 
animals. 

^ Emily, But T am^ery curious to know whence vegetables obtain 
those principles whibhform their immediate materials: 

Mn* B. This ka point on which we are yet ^o much in toe dark 
that I cannot hope fmij to satisfy your curiosity ; but what little I 
know on this subject, I shall endeavor to explain to you. 

The soil which at first view, appears to be the element of vegeta- 
bles, is found on a closer investigation, to be little more than the 
channel through which they receive Iheir nourishmept ; <6o that it 
( is very possible to rear plants without any earth or soil.* 

* The opinion that water is the only food of plants, was adopted 
by the learned on this subject m the d7th century ; and many ex- 
periments were made which seemed to prove that this was the 
truth. Among others was a famous one by Van Helmout, which 
for a long time was supposed to have eslabhshed the point beyond 
all doubt. He planted a willow which weighed five pounds, m an 
earthen vessel containing 200 lbs. of dried earth. This vessel was 
«unk into the ground, and the tree was watered, sometimes with 
distilled, and sometimes, with rain' water. 

At the end of five years the willow weighed 169 lbs. ; and on 

weighing the soil, dried as before, it was found to have lost only two 

vounces. Thus the willow had gained 164 lbs., and yet its food had 

been only water. The indti^tion from this esperiment was obvious. 

Plants live on pure water. ' TKis, therefore, was the general opinion 

, «ntil the progress of chemistry detected its fallacy. Bergman, in 

. 1763, showed by some experiments, (hat the water wbi^h Van 

Helmout had used, contained as much earth as could exist in the 

tree at the end pf the five years ; at pound of water contained about 

a grain of earth. So that this experiment by no means proved 

that the willow lived on water alone. Since this time a great 

•variety of experiments have been made for the purpose of deciding 

What was the food of plants. In the course of these it has been 

found, that although seeds do vegetate io pure distilled water, yet 

the plant is weakly and finally dies before the fruit is matured. 

It is pretty certain, then, that earth is absolutely necessary to the 

'growth of plants, and that a part of their food is taken from the soil* 

Indeed, the well known fact, that a soil hwom out by a^ongsncces- 



1231. Do vegetables receive their dhief alimeiit from the soil in 
which thev grow ? , , 

1232. Wh4xtexpenmeni wot made by Helmout to atcertam the nmiP^ 
^iah/ment of vegetables,^ 

1233. What wtU be the condition of plants in pure water on^ i? 
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Caroline, Of that we hare an iostance in the hyacinth and other 
bulbous roots^ which will grow and blossom beautifully in glasses of 
water. But I confess I should think it would be difficglt to rear 
trees in a similar manner. 

Jtfr«. B- No doubt it would, as it is the burying of the roots in 
the earth that supports the stem of the tree. But thjs office, besides 
that of affording a vehicle for food, is far the most important part 
which the earthy portion of the soil performs^in the process of ve- 
getation ; for we can discover, by analysis, but an extremely small 
proporiion of earth in vegetable compounds. 

Caroline. But if earths do not affurd nourishment, why is it ne- 
cessary to be so attentive to the preparation of the soil f 

Mrs, B. In order to impart to it those qualities which render it / 
a proper vehicle for the food of thp plant. Water is the chief nour- ; 
ishment of vegetables ; if, therefore the soil be too sandy, it will not# 
retain a quantity, of water sufficient to supply the roots of the plants* , 
If, on the contrary, it abounds too much with clay, the water will , 
lodge in such quantities as to threaten a decomposition of the roots. \ 
Calcareous soils are, upon the whole, the nrK)st favourable to the 
growth of plants: soils are, therefore, usually improved by chalk,* 
which you may recollect, is carbonat of lime. Different vegetables 
however,- require different kinds of soils. Thus, rice demands a 
niost retentive soil; potatoes, a soft sandy soil ; wheat, a firm and 
rich soil. Forest trees grow better in fine sand, than in a stiff clay.; 
and a light ferruginous soil is best suited to fruit trees. 

Caroline. But pray what is the use of manuring the soil ? 

Mrs. B. Manure consists of all kinds of substances whether of 
Tegetable or animal origm, which have undergone the putrid fer- 

sion of crops, and finally becomes steril unless manured, is good 
proof that plants do absorb -something from it. 

Saussure has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind, as that on 
which they grow. Thus trees growing in a granitic soil, contain a 
large proportion of silica, while those growing in calcareous soil, ' 
contain little silica, but a great proportion of calcareous earth. 

In addition to what plants absorb frofn the ground, there is no 
doubt but they obtain a part of their nourishment from water and 
air. Some experiments made at Berlin, show that wheat, barley, &c. 
contain a quantity of earth though fed only on distilled water. 

From the air, plants absorb carbonic acid gas. The carbon they 
retain, which forms the greatest part of their bulk. The oxygen is 
emitted, and goes to purify the atmosphere. 

Thus it is seen that plants obtain their focA from the earth, from ' 
%vater, and from the air. — C. 

1234. What fai'.ts did Saussure discover relating to this subject ? 

1235. Whence do plants derive their food ? 

1236. If earths do not afford nourishment; why is it necessary to 
be so particular in enriching the soil .'' 

1237. What is the nourishment of vegetables } 

1^238. What is the consequence to vegetables if the soil is too 
sandy f 

1239. Wibataf it abounds too much with clay > 
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mentation, and are consequently decomposed, or nearly so, mto 
their elementary principles. And it is requisite that these vegfeta- 
ble matters sltoull be in a state of decay, or approaching^ decompo- 
sition. The addition of calcareous earth, in the state of chalk or 
lime, is beneficial to such soils, as it accelerates the dissolution of 
vegetable bodies. No^v 1 ask you, what is the utility of supplying 
the soil wi<h these decomposed substances ? 

Caroline. It is, I suppose, in order to furnish vegetables with the 
principles which enter into their composition. For manures not 
only contain carbon, hydrogen and oxygen, but by their decompo- 
sition supply the soil with these principles m their elementary form.* 

•Afrf. R Undoubtedly ; and it is for this reason that the finest 
crops are produced in fields that were formerly covered with woods, 
because their suil is composed of a rich mould, a kind of vegetable 
earth which abounds in those principles. 

Emilt/, This accounts for the plentifulne^s of the crops produced 
in America, where the country was, but a few years since, covered 
with wood' 

Caroline. But how is it that animal substances are reckoned to 
produce the best manure } Does it not appear much more natural 
that the decomposed elements of vegetables should be the most ap- 
propriate to the formation of new vegetables ? 

Mrs, B> The addition of a much greater proportion of nitrogen, 
which constitutes the chief difference between animal and vegeta- 
ble matter, renders the composition of the former more complicated 
and consequently more favourable to decomposition* 
- Indeed the use of animal substances its chiefly to give the first im- 
pulse to the fermentation of the veeretable ingredients that enter in- 
to the composition of manures. The manure of a farm yard is of 
that description ; but there is scarcely any substance susceptible of 
undergoing the putrid fermentation, that will make good manure. 
The heat produced by (be fermentation of manure is another cir- 
cumstance which is extremely favourable to vegetation; yet this 
beat would be too great if (he manure was laid on the ground durt 
ing the height of termcntation ; ft is used in this state only for hot- 
beds to produce melons, cucumbers^ and such vegetables as require 
a very high temperature. 

Caroline. A difficulty has just occurred to me which I do not 
know how to remove. Since all organized bodies are, in the com- 
mon course of nature, ultimately reduced to their elementary state, 
they must necessarily in that state enrich the soil, and afford food 
for vegetation. How is it, then, that agriculture, which ^annot in- 
crease the quantity of those elements that are required to manure 
the earth, can increafe its produce so wonderfully, ^ is found to be 
the case in all cultivated countries ? 



^ But what is the use' of all this, if '< water is the chief noarisfa- 
ment of vegetables?" — C. 
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124Q. What is the use of decomposed substances as is found in 
manure^? 

1241. Why are the best crops produced on new lands, or where 
they were recently covered with wood f 

1242. Why do animal subaunces make the best manure.' 
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Jin. B. It is bysufferingf none of these decay iogf bodies fo be '^ 
diBpersed and wasted, but in applying them duly to the soil. It is ,( 
also by "a judicious preparation of the soil, which consists in fittings { 
it either for the general purposes of vegetation, or for that of the \ 
particular seed which is to be sown. Thus, if the soil be too wet, it 
may be drained ; if too loose and sandy it may be rendered more 
consistent and retentive of water by the addition of clay, or loam ; 
it may be enriched by ehalk, or any kind of calcareous eartlu On 
soils thus improved, manures will act with double efficacy ; and if 
attention be paid to spread them on the ground at a proper season 
of the year, to mix them with the soil, so that they may be general- 
ly diffused through it, to destroy the weeds which might appropri- 
ate these nutritive princi les to their own use, to remove the stones 
which wouM impede the growth of the plant, &c., we-may obtain a 
produce an hundred fold more abundant than the earth would spon- 
taneously supply. 

Emily, We have a very striking instance of this in the scanty 
produce of uncultivated commons, compared to the rich crops of 
meadows which are occasionalK? manured. 

Caroline, But, Mrs. B., though experience daily proves the ad- 
vantages of cultivation, there is still a difficulty which I catinot get 
oTer. A certain quantity of elementary principles exist ii\ nature, 
which it iiB not in the power of man either to augment or diminish./ 
Of these principles you have taught us that both the animal and) 
vegetable creation are composed. Now the more of them is taken' 
up by the vegetable kingdom, the less, it would seem will remain > 
for animals ; and therefore, the more populous the earth becomes, 
the less it will produce. 

Mr9, B, Tour reasoning is very plausible ; but experience ev- 
ery where contradicts the inference you would draw from it ; since 
we find that the animal and vegetable kingdoms, instead of thriving 
as you would suppose, at eacn other's^ expense, always increase 
and multiply together. For you should recollect that animals can 
derire-the elements of which they are formed only through the me- 
diam of vegetables. And you must allow that your conclusion 
would be valid only if every particle of the several principles that 
could possibly be spared from other purposes, were employed in 
the animal and vegetable creations. Now we havB reason to be- 
lieve that a much greater proportion of these principles than is re- 
quired for such purposes, remains either in an elementary state, or 
engaged in a less useful mode of combination in the mineral king- . 
dom. Possessed of such immense resources as the atmosphere and 
the waters a£fbrd us, for oxygen, hydrogen and carbon, so far from 
being in danger of working up all our simple materials, we cannot 
suppose that we shall ever bring agriculture to such a degree of per- 
fection as to require the whole of what these resources could supply. 

Nature, however, in thus fumisbingns with an inexhaustible stock' 

'-— — ^ 

1243. How is it that agricnltare, which cannot increase the 
qnantitj of those depaents that tre required to manure the earth, so. 
greatly increases its reg^etable products ? 

1344. Of what are te vegetable and animal creation composed r 

1245. What objection is made to the principle sUted for the in- 
crease of vegetable productions ? 

1246. How is this objection answered? 
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of raw materials, leases it in some measure to the ingeDuity of man 
to appropriate them to his owo purpose's. But, like a kind parent 
she stimulates him to exertion, by selling the example, and point- 
ing out the way. For it is on (he operations of nature that all the 
improvements of art are founded. 7^he art of agriculture consists, 
therefore, in discovering the readiest m/Bthod of obtaining the seve- 
ral principles, either from their grand sburces,. air and water, or 
from the decomposition of organized bodies ; and in appropriating 
them in the best manner to the purposes of vegetation. 
\ Emily, But, among the sources of nutritive principles, I am sur- 
prised that you do not mention* the earth itself, as it contains abun- 
dance of coals, Hhich are chiefly composed of carbon. 

J^rs B. Though coals abound in carbon, they cannot on ac- 
count of their hardness and impermeable texture, be immediately 
subservient to the purposes of vegetation ; and, we find, on the con- 
. trary, that coal districts are generally barren. 

Emily. No; but by their combustion, carbonic acid is produced; 
and this entering into various combinations on the surface of the 
earth, may, perhaps, assist in promotmg vegetation. 

Mrs. B. Probably it may in some degree ; but at any rate, the 
quantity of nourishment which vegetables may derive from that 
source can be but very trifiing, and must entirely depend on local 
circumstances. 

Caroline, Perhaps the smoky atmosphere of London is the cause 
-of vegetation being so forward and so rich in its vicinity ? 
. J^rs, B, I rather believe that this circumstance proceeds from the 
very ample supply of manure, assisted, perhaps, by the warmth and 
sheiter, which tne town affords. Far from attributing any good to the 
smoky atmosphere of London, I confess 1 like to anticipate the time 
when we shall have made such progress in the art of managing com- 
bnstion that every particle of carbon will be consumed^ and the 
smoke destroyed at the moment of its production. We may then 
expect to have the satisfaction of seeing the atmq^pbere of London 
as clear as that of the country. But to return to our subject: I hope 
that you are now convinced that we shall not easily experience a 
deficiency of nutritive elements to fertilize the earth, and that pro- 
vided we are but industrious in applying them to the best advantage 
by impiroving the art of agriculture, no limits can be assigned to 
the fruits tl^at we may expect to reap from our labours. 

Caroline' Tes : I am perfectly satisfied in that respect, and I can 
assure you that 1 feel already much more interested m the progress 
and improvement of agriculture. 

Emiiy, I have frequently thought that the culture of the land was 
not considered as a concern of sufficient importance. Manufactures 
always take the lead ; and health and innocence are frequently sa- 
CDrificed to the prospect of a more profitable employment. Itlias 
aften grieved me to see tbe poor manufacturers crowded together 

y 1247. In what does the art of agriculture consist ? 

I248. Why cannot coals be immediately subservient to tbe par» 
poses of vegetation .' 

' 1249. Is there any occasion to apprehend a deficiency of nutritivie 
elements to fertilize the earth ? 

i250. What objection is made to manufactures ? 
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in closp .rooms;, and confined for the whole day to the most uniform 
and sedentary employment, instead of heihg engaged in that iono* 
cent and salutary kind of labour, which Nature seems to have as- ^ 
signed to man for the immediate acquirement of comfort, and for / 
the preservation of bis escistence. I am sure that yoii agree with 
me in thinking so, Mrs B. 

J^rs B. 1 am entirely of your opinion, my dear, 4n ;regard to the 
importance of agriculture ; but as the conveniences of life, which- 
we are all eqjoying, are not denved' merely from the soil, I am farf 
from wishipg to depreciate manufactures. Besides, as the labour of^ 
one man is su^cient to produce food for several, those whose in> ^ 
dustry is.not required in tillage must do something in return for the' 
food that is provided lor them. They exchange, consequently, the 
accommodations for the necessaries of life. Thus the carpenter and 
the weaver lodge and clothe the peasant, who supplies them with 
their daily bread. The greater stock of provisions, therefore^ which 
the husbaDdman produces, the greater is the quantity of accommo- 
dation which -the artificer prepares. Such are the happy effects 
whfch naturally result from civilized society. It would be wiser, 
therefore, to endeavor to improve the situation of those who are 
engaged in manufactures, than to indulge in vain declamations on 
the hardships to which they are too frequently exposed. 

But we must not yet take our leave of the subject of agriculture ; 
we have prepared the soil, itremain.s for us now to sow the seed. — 
In this operation, we must be careful not to bury it too deep in the 
ground, as the access of air is absolutely necessary to its germina- ' 
tion; the earth, must, therefore, lie loose and light over it^ in order ' 
that the air may penetrate. Hence the use of ploughing and dig-^ 
ging, harrowing and raking, &c. A certain degree of heat and'- 
moisture, such as usually tatkes place in the spring, is likewise ne- 
cessary. 

Caroline, One would imagine you were going to describe the 
decomposition of an old plant, rather than the formation of a new 
one ; for.jou have enumerated all the. requisites of fermentation. 

Mrs, B* Do you forget, my dear, that the young plant derives its 
existence from the destruction of the seed, and that it is actually by 
the saccharine fermentation that the latter is decomposed } 

Caroline, True ; I wonder that 1 did not recollect that. The tem- 
perature and moisture required for the germination of the seed is 
then employed in producing the-saccharioe fermentation within it ? 

Jfr^ B, Certamly. But, in order to understand the nature of 
germination, you should be acquainted with tDe different parts of 
which the seed is composed. The exteraal covering or envelope 
contains, besides the germ of the future plaot, the substance, which 
is to constitute its first nourishment ; thid substance, which is called 
the parenehymay consists of fecnla, mucilage, and oil, as we former- 
ly observed. 



1251. For how many persons can one man, in agricultural la- 
bour, produce food ? 
.1^5% Why is this a reason for encouraging manufactures ? 
1253. What is the use of plougjimg, di^gii)g,;harro!wing, rs^ing^ 
li$cc.,.i|i sigriQuUure ? 

24 
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The seed is generally divided into two compurttneAts, called Idh^i^ 
or cotyledons^ as is exemplified by this bean, (Fig. 36,)— the dark 
(Fig. 36.) < coloured kind of string which divides the lobes is 
called the radicle^ as it forms the root of the plant, 
and it is f^om a contiguous substance, called plu- 
mula^ which is enclosed within the lobes, that the 
stem arises.-^The figure and sizeof the seed depend 
very much upon the cotyledons ; these vary in num- 
ber in different seeds ; some have only one, as 
wheat, oats, barley, and all the grasses ; some have 
three, others six. But most seeds, as for instance, all the varieties 
of bekos, have two cotyledons. When the seed is buried in the 
/ earth, at kny temperature above 40 degrees, it imbibes water, which 
S softens and swells the lobes ; it then absorbs oxygen, which oom- 
' bines with some of its carbon, and is returned in the form of car- 
bonic acid. This loss of carbon increases the comparative propor- 
tion of hydrogen and oxygen in seed, and excites the saccharine 
fermentation by which the parenchymatous matter is converted into 
a kind of sweet emulsion. In this form it is carried into the radicle 
by vessels appropriated to that purpose ; and in the meantime, the 
fermentation having caused the seed to burst, the cotyledons are 
rent asunder, the radicle strikes into the ground and becomes the 
root of the plant, and hence the fermented liquid is conveyed to the 
plumula, whose vessels have been previously distended by the heat 
of the fermentation. The pltimula being thus swelled, as it were, 
by the emulsive fluid, raises itself and springs up to the surface of 
the earth, bearing with it the cotyledons, which, as soon as they 
come in contact witfr the air, spread themselves, and are transform- 
ed into leaves. — If we go into the garden, we shall probably finil 
some seeds in the state in which 1 have described. 

JEmily^ Here are some little lupines that are just making their 
appearance above ground. . . ,.• 

Mrs, B, We shall take up seven^l of them to observe their difre- 
rent degrees of progress in vegetation. Here is one that has but 
recently burst its envelope — do ynu see the little radicle striking 
downwards? (Fig. 37, No. 1.) In this the plumnla is not yet visi- 
ble. But here is another in a greater state of forwardnessi— the 
plumula, or stem> has risen out of the ground, and the cotyiedotis 
^are converted into seed-leaves. (Fig. ^1, No. 2.) 

Carolina. These leaves are very thick and clumsy, and, Unl&e 

' Hhe other leaves. Which 1 perceive are just beginning to appelir. 

Jtfri . B. It is because they retain llie remains of the parenchyma, 

Vith which they still continue to nourish the young plant, as it has 

«ot yet suflficient roots and strength to provide for its sustenance 

. from the soil. But, in thU third lupine. (Fig. 37, No .3,) the radicle 

had sunk deep into the earth, and sent out several shoots, each of 



l«64. What Tpart of the seed is called cotyledons ? 
If 56. What part is ^balled radicle? 
1256. What part is; called plumula? 
J357. At what temperature will seeds >germiDate ? 
1258. How 'would yott describe the process of geiininatioa ift 
'-stfeds ? 

1269. What do Nos. I and 2 of Fig.i7, represent ? 
260. Whsit defies No. id, in Fip. 3Z. vtejpresent ? 
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which isfuroished with a mouth 
to suck up nouri&hment from 
the soil ; the fuDction of the 
original leaves, therefore, be- 
ing DO longer required, they 
are gradually decaying, ' and 
the plumala is become a regu- 
lar stem, shooting out small 
branches, and spreading its 
foliage. 

Emily, There seems to be a 
.very striking analogy between 
a'seed and an egg ; both require 
an elevation of temperature to 
be brought to life ; both at first 
supply with aliment the organ" 
ized being which they produce ; 
and as this has attainea suffi- 
cient strength to procure its 
own nourishment, the egg-shell 
breaks whilst in the plant the 
seed leaves fall off. 

J)Irt, B. There is certainly 
^some resemblance between 
these pTocessea } and when you 
Tir, .96 and 37, No. 1. A B, Cotyledon, c* En- become acquainted with BOi- 

rrc%t;S- D'ttI?J'-^>»?;'Ntt'»'^ chemUtry you irUI fre- 
AB, cotjiedoo. e, piunuu. D, Rkdieie. queDtiy DO strucK with Its 

analogy to that of the vegeta- 
- * hie kingdom. 

As soon as the young plant feeds from the soil, it requires the as- 
sistance of leaves, whicn^re the oi^ans by which it throws off its. 
super-abundant flmd ; this secretion is much more plentiful in the ■ 
▼egetable than in the animal creation, and the great extent of sur- 
face of the foliage of plants is admirably calculated for carrying;^ it ' 
on in sufficient quantities. This transpired fluid consists of little 
more than water. The sap, by this process, is converted into a 
liquid of greater consistence, which is fit to be assimilated to its 
several parts. 

EmUy. Vegetation, then, must be essentially injured by destroy- 
ing the leaves of the plant. 

Jtfrt. B, Undoubteojy ; it not only diminishes the transpiration, 
bat also the absorption by the roots ; for the quantity .of sap ab*- 
sorbed is always in proportion to the quantity of fluid thrown off by 
transpiration. Tou see, therefore^ the necessity that a young plant 
should unfold its leaves as soon as it begpins to derive its nourish- 
ment from the soil ; and, accordingly, yon will find that those 
lupines which have dropped their se^- leaves, and are no longer 




1261. What purposes do the leaves of vegetables answer during 
their growth ? 

126i. What will be the injury to vegetation if the leaves are de- 
stroyed ? 
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fed bj the parenchyma, have spread their foliage, in order to per- 
tbrm the office just described. 

But 1 should inform you that this function of transpiration seems 

to be confined to the upper surface of the leaves, whilst oh the con- 

( trary, the lower surface, which is more rough and uneven, and-fur- 

' nistied with a kind of hair or down, is destined to.absorb moistare, 
;. or such other ingredients as the. plant derives from the atmosphere. 

' As soon as a young plant makes its appearance above -ground, 

light, as well as air, becomes necessary to its preservation. Liight 

is essential to the developement of the colours, and to the thriving 

^^ of the plant. You may have often observed what a predHection 

' vegetables had for the light. If , you make any plants grow in a 
room, they all spread their leaves and extend their branches tO' 

] wards the windows^ • 

^ Caroline, And many plants close up their flowers as soon as it is 
dark. 

Emihf, But may not this be owing to the cold and dampness of 
the evening air f 

Mrs, B, That does not appear to be the case ; for in a course of 
curious experiments, made bv Mr. Senebier, of Geneva, on plants 
which he reared by l&mp-light, he found that the flowers closed 
their petals whenever the lamps were extinguished. 

Emily, But, pray, why is air essential to vegetation ? Plants do 
not breathe it like animals. ^ 
Mrs, B, At least not in the same manner ; but they certainly 

; derive some principles from the atmosphere, and yield others to it. 

' Indeed, it is chiefly owing to the action of the atmosphere, and the 
vegetable kingdom on each other, that the air continues always fit 
for respiration. But you will understand this better when I have 
explained the effect of water on plants. 

I I have said that water forms the chief nourishment of plants ; it 

: is the basis not only of the sap, but of alilhe vegetable Juices. Wa- 

• ter is the vehicle which carries into ther^lant the various salts and . 

\ other ingredients required for the formation and support of the vege- 
table system. Nor is this allS part of the water itself is decomposed 

'< by the'organs of the plant ; the hydrogen becomes a constituent part 
of oil, of extract, of colouring matter, &c., whilst a portion of the 
oxygen enters into the formation of mucilage, of fecula, of sugar, 
and of vegetable acids. But the greater part of the oxygen pro- 
ceeding from the decomposition of the water is converted into a gase- 
ous state by the caloric disengaged from the hydrogen during its 
condensation in the formation of the vegetable materials. In this 
state the oxygen is transpired by the leaves of plants when exposed 
to the sun's rays. Thus you find that the decomposition of water, 
by the organs of the plant, is not only a means of supplying it with 
its chief ingreclient, hydrogen, but at the same time of replenishing 
the atmosphere with oxygen, a principle which requires continual 
renovation, to make up for the great consumption of it occasioned 

V263. How does the under side of leaves differ from the upper 
sMefV- 

1*264. Of what use is light in the growth of vegetables ? 

1S65. Of what use is air in vegetation ? 
, 1266. How are the various salts and other ingredients required for 
the formation and support of the vegetable system carried into 
plants ? 
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by the numerous oxygenations, combustions, and respirations, that 
are constantly taking place on the surface of the globe.* 

Emily. What a striking instance of the harmony of nature I 

Mrs, B» And how admirable the design of rrovideoce, who 
makes every different part of the creation thus contribute to the 
support and renovation of each other ! 

cut the intercourse of the vegetable and animal kingdoms, i 
through the medium of the atmosphere extends still further. Ani- / 
mals, in brealhmg, not only consume the oxygen of the air, but load / 
it, with carbonic acid, .which, if accumulated in the atmosphere,/ 
would, in a short time, render it totally unfit for respiration. Herer' 
the vegetable kingdona again interferes ; it attracts and decomposesj 
the carbonic acid« retains the carbon for its own purposes, and re-^ 
tarns the oxygen for ours.f 

CaroHne, How interesting this is ! I do not know a more beauti* 
ful illustration of thei wisdom which is displayed in the laws of na- 
turc. 

Jdr*. B. Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine wisdom, still they cannot 
&it to inspire us with awe and admiration. What then, would be 
onr feelings, were the complete system of nature at once displayed 
before us ! So magnificent a scene would probably be too great for 
our limited comprehension ; and it is^ no doubt, among the wise dis* 

* The foregoing. para|fraph might mislead the student. Indeed it 
«eeoistohave been written witlK)at regard to proper authorities. 
For instance, there is no proof that water is decom posed by the or- 
gmos of plants ; nor is it in the least degree pBobabJe that the oxy- 
gea emitted by them owes its gaseous state, to the caloric set free 
by the condensation of hydrogen. Authors, oa this subject agree 
that the thickest veil covers the processes by which the sap is con- 
verted into the several pai;^ of the plant. But it has been de- 
foonstrated, that most, if not all the oxyg^eo emitted by the leaves, is 
obtained by the decomposition of air, instead of water, as here stated. 
If leaves are exposed to the rays of the sun, while under common 
water, they emit oxygen. But if the water is tret deprived of its 
air, by an air pump, or b^ boiling, not a particle of oxygen is emit- 
ted. Now atmospheric air, always contains a quantity of carbonic 
acid gas, and experiments shdw, that plants giwe out oxygen in 
seme proportion to the quantity of this gas contained in the water. 
l*be faact then seems to be, that plants absorb carbonic acid, that 
tiiis is decomposed by some unknown process.; the plant retaining 
the caibon, while the oxygen is given out.— C. 

i It is a curious fact, demonstrated by experiments, that the/ 
leaves of plants perform different offices at different periods of the' 
fU hoars. During the day they five out water, absorb carbonic/ 
aeid, and emit oxygen gas ; but during tlie night they absorb wa* . 
ter, and oxygen gas, and g^ve out carbonic acid.— C. ' 



1^67. How do animal and vegetable life mutually support eaoh 
ether? 

1288. What eurmu fact it stated of the Uaov qf vegeUMu in th€ 
Mtef 

1969. What in the organfsation of nature is partie^Iarlv suited to 
the rational powers of man ? 

• 34* 
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pensations of Proyidencc,toyeil the splendor of a ^lorr with which 
we shoold be overpowered . But it is well smted to a rational being 
to explore, step by step, the works of the creation, to endeavor to 
connect them into harmonious systems ; and, in a word, to trace, in 
the' chain of beings, the kindred ties and benevolent design which 
nnites its various links, and secures its preservation. 

Caroline. But of what nature are the organs of plants which are 
endued with such wonderfol powers ? 

Mrs, B. They are so mjnuf e that their stfnctnre, as well as the 
mode id which they perform therir ftinctions, generally elude our ex- 
amination ; but we may consider them as so many vessels or appa- 
ratus appropriated to perform, with the assistance of the principle 
of life, certain chemical processes, by means of which these vegeta- 
ble compounds are generated. We may, however, trace the teonin, 
resins, gutns, mucilag^e, and some other vegetable materials, in the 
organized arrangement of plants, in which they form the bark, the 
.- wood, the leaves, flowers, and seeds. 

The bark is composed of the epidermU^ the parenehfma^ and the 
eoriital loafers. 

The epidermis is the external covering of the plant. It is a thin 
transparent membrane, consisting of a number of slender fibres, 
crossing each other, and forming a kind of net work. When of a 
white glossy nature, as in several species of trees, in the stems of 
corn and of seeds, it iscomposedof a thin coating of siliceous earth, 
which accounts for the strength and hardness of those long and slen- 
der stems. Sir H. Davy was led to the discovery of the siliceoas 
nature of the epidermis of such plants, by observing the singular 
phenomenon of sparks of fire emitted by the collision of ratan canes 
with which two boys were fighting in a dark room. On analysing the 
epidermis of the cane, he found it to be almost entirely sUiceous.* 

Caroline* With iron, then, a cane I suppose, will .strike fire very 
easily ? 

J'Jn. B. I understand that it will. — In evergreens the epidermis 
JH mostly resinous, and in some iew plants is formed of wax. The 
^ resin, from its want of affinity for water, tends to preserve the plant 
; from the destructive effects of violent rains, severe climates, or in- 
clement seasons, to which this species of vegetables is peculiarly 
exposed. 

Emily > Resin must preservje wood just like a varnish, as it is the 
essential ing^redient of varnishes. 

Mrt, B. Yes; and hy this means it prevents, likewise,all unne- 
cessary expenditure of moisture. 

The parenchyma is immediately beneath the epidermis; it is that 

* In the scouring rush, (EqtMttum hyemdUi\ the siliceous epider- 
mis is still more ^obvious. If drawn across a piece of soft metal, as 
silver or copper,' it cuts it like a file. It even makeaan impression 
on the hardest st^el. — C. 

1270. Of what is bark composed? 

1271. What is the epidermis ? 

1272. In what manner was Sir H. Davy led to discover the siii- 
eeous natttrd of the epidermis of particular plants ? 

1273. How does resin tend to preserve the plant } * 

1274. What is the parencbyttia ? 
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green riad which appears when you strip a branch of any tree or/ 
shrab of its ezteraal coat of bark. The parenchyma is not confin*) 
ed to the stem or branches, but extends o?er every part of the plaat.\ 
It forms the green matter of the leaves, and is composed of tube?^ 
filled .with a peculiar juice. 

The cortical layers are iiYimediatelv in contact with^he wood ;/ 
they abound with tannin and gallic Acia, and consist of small vessel^ 
through which the sap descends after being elaborated in the leaves^ 
The cortical layers are annually renewed, the old bark being conJ 
verted into wood, 

Jftrs. B, That function is performed by the tubes of the alber- 
^num or virood, which is immediately beneath the corticftl layers* The . 
wood is composed of woody fibre, mucilage and resin. The fibres ) 
are disposed in two ways : some of them longitudiaally, and these/ 
fortn what is called the silver grain of the wood. The others whictn 
are concentric, are called the spurious grain. These last are dispos-f 
ed in layers, from the number of which the age of t*be tree may be) 
computed, a new one being produced annually by the conversion oO 
t^e bark into wood. The oldest, and consequently most internal part 
of the albernum, is called heart wood ; it appears to be dead,at least 
no vital functions are discernible in it.^ It is through the tubes of 
the living albernum that the sap rises. These therefore, spread into 
the leaves, and there communicate with the extremities of the ves- 
sels of the cortical layers, into which they pour their contents. 

•Caroline, Of what use, then, are the tubes of the parenchyma* 
since neither the ascending nor descending sap passes through them ? . 

•/lfr#. B. They are supposed to perform the important function of/ 
secreting from the sap the peculiar juices from which the plant ' 
more immediately derives its nourishment. Thiese juices are very 
conspicuous, as the vessels which contain them are much larger j 
than those through which the sap circulates. The peculiar juijces ' 
of plants differ much in their nature, not only in different species' 
of vegetables, but frequently in different parts of the same individual 
plant; they are sometimes saccharine, as in the sugar-cane, some- 
times resiuoUs as in firs and evergreens, sometimes of a milky ap- 
pearance, as in the laurel.^ 

Emily, I have often observed, that in breaking a young shoot, or 
in bruising a leaf of laurel, a milky juice will ooze out in great 
abundance. 

Mrt, B. And it is by making incisions in the bark, that pitch, tar, 
and turpentine* are obtained from fir-trees. The durability of this 
species of wood is chiefly owing to the resinous nature of its peculiar 

"^ Turpentine is obtained as described m the text. But tar and 
pitch are obtained by a very different method. A conical cavity is 
dug in the earth, at the bottom of which is placed a reservoir. Over 
this is piled' billets of fir wood, forming a large pile. The pile is 
covered with turf to smother the fire which is kindled at the top. As 
the wood is heated, and gradually converted into charcoal, the tar is 

1275. Through what does the sap ascend.^ 

1276. Of what is the wood composed } 

1277. How are the fibres disposed ? 

1278. Of what use are the tubes of the parenchyma i 

1279. Hpw may pitch, tar, and turpentine be obtained ? 



r' 



I 
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juices. The tolatile oils hare, in a g^eat measure, the same preaenr- 

ative effects, as they defend the parts vrith which they are coDDect- 

ed, from the attack of iosects. This, tribe seems to hare as ^reat an 

f aversioD to perfumes, as the human species bare delight in theip. 

. They scarcely e?er attack any odoriferous parts of plants, and it is 

- not uncommon to see every leaf of a tree destroyed by a blight, 

( whilst the blossoms remain untouched. Gedar, sandal, and all air- 

/'omatic woods, are, on this account, of great durability. 

EmUy. Bui the wood of the bak, which is so much esteemed for 
/ its durability, has, I beUeve, do smell. Does it derive this quality 
from its hardness alone ? 

JUrs. B. Not entirely; for the chesnot, though considerably 
harder and firmer than the oak, is not so lasting. The durability 
of the oak, is, I believe, in a great measure, owing to its having 
very little heart -wood, the albernum preserving its vital functions 
longer than in other trees. 

Carolint, If Incisions are made into the albernum and cortical 
layers, may not the ascending and descending sap be procured in 
the same manner as the peculiar juice is from the vessel of tbe 
parenchyma? 

JiLr9» B, Yes ; but in order to obtain specimens of these fiuids, ia 
any quantity, the experiment must be made in tbe spring, when tbe 
sap circulates with the greatest energy. For this purpose a small 
bent glass tube should be introduced into the incision, through 
which (he sap may flow without mixing with any.of the other juices 
of the tree. From the bark the sap wUl flow much more plentifully 
than from the wood, as the ascending sap is much more liquid, moie 
abundant and more rapid in its motion, than that which descends ; 
for the latter haviog been deprived by the operation of the leaves 
of a considerable part of its moistjure, contains a much greater pro- 
portion of solid matter, which retards its motion. It does not ap- 
pear that there is any excess of desqending sap, as none ever exudes 
from the roots of plants ; this process, therefore, seems to be car- 
ried on only in proportion to the wants of the plant, and the sap de- 
scends no further, and in no great quantity, than is required to 
noui'isb the several organs. Therefore, though thd sap rises and 
descends in the plant, it does not appear to undergo a real circula- 
tion. 
The last of the organs of plants, is the flower^ or htouom^ which 

driven out and runs into the cavity, and finally into the reservoir. 
Tar is a mixture of renn^ empyreumatie m7, ehareoiU, and acetic acid. 
The color is derived from the charcoal. Pitch is made by boiling 
tar, by which its more volatile parts are driven oflf.— C. 



1 280. On what are the durability of cedar, sandal, and all aromat- 
ic woods depending f' 

1281. On what is the durability of oak depending ? 

1282. Of what it tar said in the note to consist ? 

1283. At what time in the year does the sap circulate with most 
energy ? . 

1284. Why will sap flow more plentifully from the bark than 
from tbe wood ? 

128i. What is the ultimate purpose of nature in the vegetable 
creation ? 
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produces tbeyrttt<« aQd Med. These may be coDsidered as the uUi- ; 
mate purpose of nature id the vegetable creation. From fruits and 
seeds animals derive both a pleutifnl source of immediate nourish- 
ment, and an ample provision for the reproduction of the same 
means of subsistence. 

The seed which forms the final product of mature plants^ we 
have already examined, as constituting the first rudiments of fu- 
ture vegetation. 

These are the principal organs of vegetation, by means of which, 
. tbe several chemical processes which are carried on during' the life 
of the plant are performed. 

Emily, But hew are the several principles which enter into the 
composition of ve^tabies, so combined by the organs of the* plant, 
as to be converted into* vegetable matter? 

Mrs, B, By chemical processes, no doubt ; but the apparatus in 
which they are performed, is so extremely minute as completely to } 
elude our examination^ We can form an opinion, therefore, only.< 
by the result of these operations. 

T^e sap is evidently composed of water, absorbed by the roots 
and holding in solution the various principles which it derives from 
the soil. From the roots the sap ascends through the tubes of the 
alburnum into the stem, and thence branches oat to every extrem- 
ity of the plant. Together with the sap circulates a certain quan- 
tity of carbonic acid, which is gradually diseng^aged from the for- 
mer by the internal heat of the plant. 

Caroline, What? have vegetables a peculiar heat, analogous to 
animal heat ? . . / 

J^rs. B, It is a circumstance that has Ioda: been suspected ; but 
late experiments have decided beyond a doubt that vegetable heat . 
18 considerably above that of unorganized matter in winter, and 
below it in summer. The wood of a tree in its interior, is about * 
sixty degrees when the thermometer is at eerenty or eighty da- 
gfrees in the air. And the bark, though so much exposed, is seldom 
below forty in winter. 

It is from the sap after it has been elaborated by the leaves, that 
vegetables derive their nourishment ; in its progress through the 
plant from the leaves (b the roots, it deposits in the several sets of 
vessels with which it communicates, the materials on which the 
growth and nourishmeivt of each plant depends. It is thus that the 
various peculiar juices, saccharine, oily, mucous, acid, and colour- 
ing, are formed ; as also the more solid parts, fecula, woody -fibre, 
tannin, resins, concrete salts ; in a word all the immediate materi- 
als of vegetables, as well as the organized parts of plants, which 
latter, besides the power of secreting these from the sap, for the 
general purpose of the plant, have also that of applying them to 
their own particular nourishment. 

Emily, But why should the process of vegetation take place only 



1286. How are the several principles which enter into the com- 
position of vep^etables so combined by the organs of the plant as to 
be converted into vegetable matter P ^ 

l!287. How does the temperature of vegetables compare with 
that of unorganized matter ? 

J 288. How are the several pieces as well as more solid parts 04 
vegetables formed ^ 
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at one season of the year, whilst a total ioaction prevail during 
the other f 

Mrs. B. Heat is such aa important chemical agent, that its ef- 
1 feet as such, might perhaps alone, account for the impulse which 
^1 the Spring gives to vegetation. But, in order to explain the me- 
/ chanism of that operation, it has been supposed that the warmth of 
\ spring dilates the vessels of plants, and produces a kind of vacuuiD, 
. into which the sap (which had remained in a state of inaction in the 
trunk during the winter) rises ; this is followed by the asccDt of the 
: sap contained in the roots, and room is thus made for fresh sap, 
which the roots in their turn pump up from the soil. This process 
goes on till the plant blossoms and bears fruit, which terminates its 
summer career ; but when the cold weather sets in,fthe fibres and 
vessels contract, the leaves wither, and are no longer able to per*' 
form their office of tran^piratioo ; and as this secretion stops, the 
roots cease to absorb sap from the soil. If the plant be an aonual,' 
its life then terminates ; if not, it remains in a state of torpid inac- 
tion during the winter, or the only internal motion that takes place 
is that of a small quantity of resinous juices which slowly rises fron» 
the stem into the branches, and enlarges their buds during the win- 
ter. 

CwroUne. Yet, in evergreens vegetation musi continue tbroagh* 
out the year. 

Mrs. B. Yes; but in winter it goes onJn a very imperfect maOf 
, ner, compared to the vegetation of spring and summer. 

We have dwelt much longer on the history of vegetable chemis- 
try thin I had intended ; but we have at length, I think, brought 
the subject to a conclusion.. ■ 

Caroline.. I rather wonder that you did not reserve the account 
of the fermentations for the conclusion ; for the dec(»mpo8rtion of 
vegetables naturally fotlows their death, and can hardly, it seems^ 
foe introduced with so much propriety &( any other period. 

•Mrs, B, It is difficult to determine at what point precisely it may 
be most eligible to enter on the history of vegetation ; every part 
of the subject is so closely connected, and forms such an uiaioter- 
rupted chain, that it is by no means easy to divide it. Had 1 begun 
with the germination of the seed, which, at first view seems to be 
the most proper arrangement, I could not have explained the na- 
ture and fermentation of the seed, or have described the changes 
which manure must undergo, in order to yield the vegetable ele- 
ments. To understand the nature of germination, it is necessary, I 
think, previously to decompose the parent plant, in order to be- 
come acquainted with the materials required for that purpose. I 
hope, therefore, that, upon second consideration, you will find that 
the order which I have adopted, though apparently less correct, is, 
in fact, the best calculated for the elucidation of the subject. 

1^89. Why should the process of vegetation take place only in 
warm weather ? 

1290. What is the condition of vegetables, called evergn*eens, in 
the season of winter ? 

1291. Why was not the fermentation of vegetables reserved for 
the concluding part of what is said on this subject ? 
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CONTERSATJOlf TXBI. 

ON THE COMPOSITION OF AIOHALS. 

Mrt, B. We have now come to the last branch of chemistry , / 
which comprehends the most complicated order of compound being^. / 
This is the animal creation, the history of which, cannot but excite/ 
the highest degree of curiosity and interest, though we often fail in\ 
attempting to e^pUin the laws by which it is governed I 

Emily, But since all animal ultimately derive their nourishment . 
from vegetables, the chemistry of this order of beings roust consist 
merely in the conversion of vegetable into animal matter. 

Mrs^ B, Very true ; but the manner in which this is effected is, 
in ^ ^reat measure, concealed from our observation. This pro- 
cess IS called anmalisationf and is performed by peculiar organs. 
The difference of the animal and vegetable kingdoms does not, 
however, depend merely on a different arrangement of combina- 
tions. A new principle abounds in the animal kingdom, which is 
but rarely and in very small quantities found in vegetables ; this is 
nitrogen. There is likewise in animal substances a greater and 
more constant proportion of phosphoric acid, and other saline mat- 
ters. But these are'not essential to the formation of animal matter. . 

Caroline, Animal compounds contain, then, four fundamental, 
4)riDciples; Oxygen, hydrogen, carbon and nitrogen? ' 

Mrs, B, Yes ; and these form the immediate materials of ani- ' 
'mals, which are gelatine^ albumen^ and>!6rtne.* - 

Emily, Are those all ? I am surprised that animals should be com- 
posed of fewer kinds of inaterials than vegetables ; for they appear 
much more complicated in their organization. 

\Mri. B. Their organization is certainly more perfect and intri- 
cate, and the ingredients that occasionally enter into their compo- 
sition are more numerous. But n<^twithstanding the wonderful vft- 
riety observable in the texture of the animal organs, we find that the 
-original compounds, from #bich all the varieties of animal matter ' 
are derived, may be reduced to the (hriee heads just mentioned. An- 
imvl substances being the most complicated of all natural eom- 
pounds, are roost easily susceptible of decomposition, as the scale of 
attractions increases in proportion to the number of constitnent 

J)rinciples. Their analysis is, however, both difficult and imper- 
ect; for as they cannot be examined in their living state, and are . 
liable' to alteration immediately after death, it is probable that when ' 
sabnitted to the investigation of a chemist, they are always more or 

* These are the principal ingredients of the soft parts. But in 
addition to these, animal subjeftances contain eohfuring matter rf 
bloody 'inueout, nUphur^tphm^korut^ earths^ alkalies^ oilt, aeUt, reiim^ 
and several others, which it is unnecessary to specify.— C 



1992. What forms the subject of the S3d convtersation ? 

1293. 'What is animalization ? 

1294. What do animal compounds contain ? 

1295. What are the immediate materials of animflds f 

1296. On what account'is the analysis of animal compounds diffi- 
^cqU and imperfect ? * 
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less a^ltered in their combinations and properties, from what they 
were, whilst they made part of the living animal. 

Emily, The mere diminution of temperature, which they experi- 
ence by the privation of animal heat, must, 1 should suppose, be 
sufficient to derange the order ofattractions, that existed during' life. 

Mrs. B, That is one of the causes, no doubt; but there are many 

other circumstances which prevent us from studying the nature of 

' living animia[l substances. We must, therefore, in a considerable 

degree, confine our researches to the phenomena of these compounds 

in their inanimate state. 

These three kinds of animal matter, gel&tine, albumen, and 
fibrine, form the basis of all the various parts of the animal system : 
either solid, as the skitiy fiesh^ nerves^ membranes^ cartilages^ and 
hones ; or fluid, bloody chyUy milk^ mucous^ the gastric and/wwicrc- 
aticjukes^ bile^ perspiralioiti saliva^ tears, S^c. 

(faro'iine. Is it not surprising, that so great a variety of substan- 
ces, and so different in their nature, should yet all arise from so few 
materials, and from the same original elements ? 

Mrs. B, The difference in the nature of various bodies depends, 
as I have often observed to you, rather on their state of combinatioB, 
than on the materials of which they are composed. Thus, in consi- 
dering thechemical nature of the creation in ageneiral point of view, 
we observe that it is throughout composed of a very small number 
of elements. But when we divide it into the three kingdoms, we 
find that, in the mineral, the combinations seetn to result from the 
union of elements casually brought together ; whilst in the veget- 
able and animal kingdoms, the attractions are peculiarly and reg- 
ularly produced by appropriate organs, whose action depends on 
the vital principle. "And we may further observe^ that by means of 
certain spontaneous changes and decompositions, the elements of 
one kind of matter become subservient to the reproduction of an- 
other ; so that the thi'ee kingdoms are intimately connected, and 
constantly contributing to the preservation of each other. 

Emily, There is, however, one viery considerable class of ele- 
ments, which seems to be confined to the mineral kingdom. | 
mean n>etals. • 

Mrs. B, Not entirely; they are found, (hough in ^ery minute 
quantities, both ro the vegetable and animai kingdoms. A small 
portion of earths and stllphur enters also into the composition Of or- 
ganized bodies. Phosphorus, however, is almost entirely confined 
to the animal kingdom ; and nitrogen, with but few exceptions, is 
extremely scarce in vegetables. 

Let us now proceed to examine the nature of the three principal 
materials of the animal system. 

Oelaline or jelfy^ is the chief ingredient of skin, and of all the 
membranous parts of animals. It may be obtained from these snb- 
Btances, by means of boiling water, under the forms of glue, size, 
isinglass, and transparent jelly. 



1997. On what does the difference of natare in various bodies 
.chiefly depend ? 

1298. What is gelatine or jelly? 

1299. From what is it obtained f 

V190Q. Under what forms does itexitt when obtained? 
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CaroHne. Bat these are of a yetj different nature ; they cannot, 
therefore, be all pare gelatine. 

Mrt. B. Not entirely, but rery nearly so. Glue* is extracted 
from the s^in of animals. Si^e is obtained eitber from skin in its 
natural state, or from leather. Isinglass is gelatine procured from 
a particular species of fish ; it is, you know, of this substance that '* 
the finest jelly>is made, and this is done by merely dicf^ol^iog the 
isinglass in bipiliag water, and allowing the solution to congeal. 

Enuly, The wine, lempn, and spices, are, I suppose, added only 
to flavour the jelly? , 

jars. B. Exactly so. 

Caroline, But j^ly is often made of hartshorn shavings, and of 
calves' feet ; do these substances contain gelatine ? . 

Mrs. B. Tes. Gelatine may be obtained from 'almost any ^ani- 
mal substance, as it enterjs more or less into the composition of all 
of them. The process for obtaining it is extremely simple, as it 
consists merely in boilipg the substance which contains it with wa- \ 
ter.— The gelatine dissolves in water, and may be obtained of any \ 
degree of consistence or strength, by evaporatipg this solution.- ( 
Bones in particular produce it very plentifully, as they consist of 
pbosphat of lime, combined or cemented by gelatine. Horns, 
which are a species of bone, will yield abundance of gelatine. The ,' 
horns of the hart are reckoned to produce p^elatine of the finest ! 
quality ; they are reduced to the state of shavings, in brder that the - 

1'elly may be more easily extracted by the waters. It is of harts- ^ 
lom shavings that the jellies for invalids are usually made, as they 
are of very easy digestion. ^ 

Caroline. It appears singular that hartshorn, which yields such a ' 
powerful ingrcdientas ammonia, should at the same time produce - 
so mild and insipid a substance as jelly ? « 

•Airs. B. And (what is more surprising) it is- from the gelatine of . 
bones that ammonia is produced. Ton must observe, however, that 
the processes, by which these two substances are obtained from 
bones are very different. By the simple action of water and heat, 
the gelatine is ^eparated^; :hut in order to procure the ammonia, or 
what IS commoffly called hartshorn, the bones must be distilled, by 
which means the gelatine is decomposed, and hydrogen and nitron 
l^en combined in the ibrm of ammonia. So that the first operation 
is a mere separation of ingredients, whilst the second requires a 
chemical decomposition. 

Caroline. But when jelly is made from ha^rtahorn shavings, what 
becomes of the pbosphat of lime which cpastitutes^ the other part of 
bones^? 



* Bones, muscles, tendons, ligaments, membranes, and skios, all 
of them yield glue. But the best is made from the skin of old aiii-; 
mals.— C. ' * 

130 1 . From what is the best glue extracted ? 

1302. From what is isinglass obtained ? 

1303. What is the process of obtaining gelatine? 
-1304. From what is the best gelatine obtained:? 

1305. .From what is ammonia preduee^ f 

.25 
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Jdrt. B. It is easily separated by straining. -Bat the jelly is al^r- 
wards more perfectly purified, and rendered transparent, by addiss 
whites of eg^, which being coagalated by beat, rises to the ^ar- 
face alon^ with any impurities. 
EmiLy. I wonder that bones are not used by the common people 
/ to make jelly ; a great deal of wholesome nourishment, might, I 
/ should suppose, be procured from them, though the jelly would pier- 
) haps not be quite so good as if made from bartshoin shaving^. 
/ Mrs. B. There is a prejudice among the poor against a species of 
] food that is usually thrown to the dogs ; and as we caonot expect 
^ them to enter into chemical considerations,- it is in some degree ex- 
^ cusable. Besides, it requires a prodigious quantity of fuel .to dis- 
* solve bones and obtain the gelatine from them. 

The solution of bones in water is greatly promoted by an accn- 
mulation of heat. This may be effected by means of an 'extremely 
' strong metallic vessel, called PapirCt digettert in which the bones 
and water are enclosed, without any possibility of the steam making 
its escape. A heat can thus he applied much superior to that of 
boiling water ; and bones, by this mean«, are completely reduced 
to a pulp. But the process sti'l consumes too much fuel to be 
generally adopted among the lower classes. 

Caroline. And why should not a manufacture be established for 
grinding or marceratiog bones, or at least for reducing them to the 
state of shavings, when, I suppose, they would dissolve as readily 
as hartshorn shavings ? 

Mrs, B, They could not be collected clean for such a purpose; 
but they are not lost, as they are used fqr making hartshorn, and 
sal. ammoniac ; and such is the superior science and industry of 
this country, that we now send sal. ammoniac tQ the Levant, though 
it originally came to us from Egypt. 

Emily, When jelly is made of isingls^^s, does it leave no sedi- 
. ment ? 

Mrs. B. No : nor does it so mnch as requireclai^ifying, as it cod- 

sists almost entirely of pure gelatine, and any foreign matter that is 

mixed with it, is thrown off during the boiling in the form of scu^. 

These are processes which you may see performed in great pear- 

• faction in the culinary laboratory, by that irery able and most usi^ 

-. ful chemist, the cook. 

Caroling. To whiit an inrunense variety of purposes chemistry is 
subservient ? 
Emily. It appears^ io that respect, to have aa advantage over 
\most other arts and sciences ; for these, very often have a tendency 
- to confine the imagination to their own particular object ; whilst 
the pursuit of chemistry is so extensive and di?ersified, that it in- 
spires a general curiosity and a desire of inquiring into the nature 
of every object. 

Caroline. I suppose that soup is likewise composed of gelatin^; 
for, when cold, it often assumes the consistence of jelly. 

Mrs. B. Net entirely ; for though soups generally contain a 



1306. What becomes of the phosphat of lime when jelly is made 
from the shavings of hartshorn ? 

1307. What obstacle is there to converting bones into gelatjyq^ 
X for food ? 

1308. For what may bones be advantageously used^.^ 
J3Q9. Of wbat.are99upai(;ompo8ed' 
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qftantif^f of g^elatioe, the most essential ibg^redient is a mucus, or/ 
extractive matter, a peculiar aoimal substance, very soluble in wa-i' 
ter, which has a strong taste, and is more nourishing than gelatine. 
The various kinds of fJortable soup consists of this extractive mat« 
ter in a dry state, which, in order to be made into soup, requires 
only to be dissolved in water. 

Uelatine, in its. solid stdte, is a semiductile, transparent sub- 
stance, without either tasle or smell. When exposed to heat, in 
contact with air and water, it first swells, then fuses, and finally 
bttfDs. You may have seen the first part of this operation per- 
formed in the carpenter's glue-pot. 

Cdroline. But you said ttiat gelatine had no smell, and glue has a^ 
T«ry disiigreeable one. , ,' 

Mrs. B, Glue is not purb gelatine : ad it is not designed for eat-f 
iDg, it is prepared without attending to the state of the ingredients,' 
which are more or les§ ' cobtaminated by particles that have be- 
come putrid. 

Gelatine may be precipitated from its solutions in water by aico> 
hoi. — We shall try this experiment with a glass of wan)n jelly. — 
You see that the gelatine subsides hf the union of the' alcohol and 
the water. 

Etnily, How is it, then, that jelly is flavoured with wine, without 
producing any precipitation ? 

Mrs. B* Because the alcohol contained in wine is already cpcn- 
biAed with water and other itigredients, and is, therefore^ not' af 
liberty to act upon the jelly as when in its separate state. Gela-^ 
tine is soluble both in acids and in alkalies ; the former, you knowt 
are frequently used to season Jellies. 

Caroline, Among the coAnbinations of gelatine we must not for- 
get one which you formerly mentioned ; that with tannin, to form 
leather. 

, tMrs, B. True ; but you must observe that leather can be pro- 
duced only by gelatine in a membrkuous state ; for though pure 
gelatine and tannin will produce a substance chemically similar to 
leather, yet the texlure of the skin is requisite to make it answer 
the useful purposes of that substance. 

The next animal substance we are to examine is albumen : this, ^ 
although constituting a part of most of the animal coinpounds, is n 
frequently found insulated in the animal system ; the whites of eggs, ' 
for mstance, consists almost entirely of albumen : the substance that ) 
composes the nerves, the sertim, or white part of the blood, and the ^ 
curds of tnilk, are little else than albumen variously modified. 

In its most simple state, albumen ap^^ars in the form of a trans- 
parent, viscdiis fluid, possessed of no distinct taste ot smell ; it co- 
agulates at the low temperature of 165 degrees ; and, when once 
solidified, it will never return to its fluid state. 

Sulphuric actd and alcohol are each of them capable of coagu- 



1310. How does cdmmon gitie differ from gelatine f 

1311. What effect will alcohol have on gelatine in water ? 

131^ Why will not wine, which contains a portion of alcohol 
produce precipitation, when put into jelly ? 

1313. What is albumen.' 

1314. At what temperature will it coagulate * 
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latiDg albumen in the same manner as heat, as I am going to shoir 
you. 

Emily » Exactly so. — Pray, Mrs. B., what kind of action is there 
between i^lbumen and silver ? I ba^e sometimes obserred, that of 
the spoon with which I eat an egg happens to be wetted'^ it becomes 
taruikhed. 

Mn. B. It is because the white of an egg (and, indeed, albamen 
in general'] contains a little sulphur, which, at the temperature of 
«m eg^ just boiled, will decompose the drop of water that wets the 
spoon, and produce sulphuretted hydrogen gas, which has the pro- 
perty of tarnishing silver. 

We may now proceed to^rtne: This is an insipid and inodorus 
substance, having somewhat the appearance of fine white threads 
adhering together a it is the essential constituent of muscles, or 
flesh, in which it is mixed with and softened by gelatine. It is in- 
soluble both in water and alcohol, but sulphuric acid conrerts it 
' into a substance very analagous to gelatine. 

These are the essential and general ingredients of animal mat- 
ter ; but there are other substances, which though not peculiar to 
the animal system, usually enter into its composition, such as otb, 
acids, salts, £c. 

Animdl oil is the chief constituent of fat : it is contained in 
abundance in the cream of milk, whence it is obtained in the form 
of butter. 

Emiiy. Is animal oil the same in its composition as vegetable 
oils ? 
/ Mrs, B. Not the same, but very analagous. The chief diffe- 
\ rence is, that animal oil contains nitrogen, a principle which seldom 
t enters into the composition of vegetable oils,- and never in so laige 
I a proportion. 

There are few animal acids, that is to say, acids peculiar to ani- 
/ mal matter, from which t$ey are almost exclusively obtained. 

The animal acids have triple bases of hydrogen, carbon, and 
, nitrogen : Some of them are found native in animal matter; others 
ar6 produced during its decomposition. 
Those which we nnd ready formed, are, — 
The bombic acid, which is obtained from silk-worms. 
The formic acid, from ants. 
Tbe laclid add, from the whey of milk. 
^ The iebatic from oil or fat. 
/ Those produced during the decomposition of animal substances 
by heat, are the prwsic and soonic acids. This last is produced by 
• the roasting of meat, and gives it a brisk flavour. 

Caroline. The class of animal acids is not very el tensive. 
J^rs, B, No ; nor are they, generally speaking, of great impor- 



1315. Why is silver tarnished by the white of an f gg ? 

1316. What is fibrioe ? 

1317. What is the difference between vegetable and animal oil? 

1318. What are the bases of animal acids ? 

1319. What are the names of those formed in animal substances 
already formed ? 

1320. What are those produced duiHng the decomposition of ani- 
mal substances? 
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tance. The prutHe acid^* I think the only one sofficiently interest- . 
ing to require any further comment. It can be formed by an arti- / 
ficial process without the presence of any animal matter ; it may ] 
likewise be obtained from a variety of vegetables, particularly those ; 
of the narcotic kind, such as poppies, laurel, &c. But it is commonly 
obtained from blood, by strongly heating that substance with cans- ■' 
tic potash ; the alkali attracts the acid from the blood, and forma, 
with it ^ prussiai of poittsh. From this state of combination the 
prussic apid can be obtained pure by- means of other substance* 
which have the power of separating it from the alkali. 

Emily. But if this acid does not exist ready formed in blood, bow 
can the alkali attract it from thence? 

Jdrs. B. It is the triple bases only of this acid that exists in the 
blood ; and this is developed and brought to the stateof acid, during 
the combustion. The acid, therefore, is first formed, and it after- 
wards combines with the potash. 

EmUjf. Now I comprehend it. But how can the prussic acid be 
artificially made ? 

Mrs. B. By passing ammoniacal gas over red*hot charcoal ; and 
hence we learn that the constituents of this acid are hydrogen, ni- 
trogen, and carbon. The two first are derived from the volatile al- 
kali, the last from the combustion of the charcoal. f 

Caroline. But this does not accord with the system of oxygen be- 
ing the principle of acidity. 

Jtfr*. J3. The coloring matter of Prussian blue is called an acid, 
because it unites with alkalies and metals, and not from any other 

* Prussic acid can be obtained from Prussian blue (prustiai of - 
irwi) by the following process. Take 4 ounces of Prussian blue, 
pulverize it finely, and mix with it 2 and a half ounces of red oxide 
of mercury (redpreeipUale.) boil the mixture with 12 ounces of wa- 
ter in a glass vessel, frequently stirring it with a stick. Filter the 
solution, which is sl prutsiat of mereuryy and is formed by the trans- 
fer of the prussic acid, from the iron to the mercury. Put this solu- 
tion into a retort, and add to it two ounces of clean iron filings and 
six-drachms of sulphuric acid, and distil off two and a half ounces of 
prussic acid. This process requires a good apparatus, and ought not 
to be undertaken by any one who has not a knowledge of practical*^ 
chemistry. The fumes during the distillation ought carefully to be 
avoided as poisonous. Prussic acid has of late been much used in 
medicine, as a remedy, in consumption, hooping cough, &c. — C. 

f The basis of Prussic acid, has of late years, been ascertained 
by M. Gay-Lussac, to be a combination of azote and carbon, which 
he has called cyanogen. This compound, when combined with hy- 
drogen, forms prussic acid, or, as it is now called, hydrO'cyanic acid* 
Pure cyanogen, in the state of gas, ma} be obtained from prussiat 
of mercury by distillation. 



1 32 1. How is prussic acid obtained ? 

1322. How is it mentioned in the note that prussic acid can be oh- 
tainedfrom Prussian blue ? 

1323. Does this acid exist already formed in the blood ? 

1324. How is it ascertained that the constituents of prussic acid 
are hydrogen, and nitrogenf and carbon i 

25* 
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Characteristic properties of acids; perhaps the name is not strictly 
appropriate. But this circumstance, together with some others of 
the same kind, has induced several chemists to think that oxygen 
may not be the exclusive generator of acids. Sir H. Davy, 1 have 
already informed vou, was led by his experiments on dry acids to 
suspect that water might be essential to acidity. And it is the 
opinion of some chemists that acidity may possibly depend rather 
on the arrangement than on the presence of any particalar princi- 
ples. , But we have not yet done with the prussic acid. It has a 
strongs affinity for metallic oxyds, and precipitates the solutions of 
iron in acids of a blue color. This is the Prussian blue, or prussiat 
of iron, so much used in the arts, and with which 1 think you must 
be acquainted. 

Emily. Yes, I am ; it is much used in painUng, both m oil and in 
water colors ; but it is not reckoned a permanent oil-color. 

J\rrs, B. That defect arises, I belreve, in general, from itsbemg 
badly prepared, which is the case when the iron is not so fully oxy- 
dated as to form a red oxyd. For a solution of green oxyd of iron 
(in which the metal is more slightly oxydated,) makes only a pale 
green, or even a while precipitate, with prussiat of potash ; and this 
gradually changes to blue by being exposed to the air, as I can im- 
mediately show you. 

Caroline, It already begins to assume a pale blue color. But 
how does the air produce this change ? 

Mrs, B. By oxydating the iron more perfectly. If we pour some 
nitrous acid on it. the blue color will be immediately produced, as 
the acid will yield its Oxygen to tl^e precipitate, and fully saturate 
It with this principle, as you shall see. 

Caroline. It is very curious to see a color change so instantane- 
ously. 

Jars. B. Hqnce you perceive that Prussian blue cannot be a per- 
manent color, unless prepared vrith red oxy4 of iroo» since by ex- 
posure to the atmosphere it gradually darkens, and in a short time is 
no longer in harmony with the other colors of the painting. 

Caroline^ But it can never become darker, by exposure to the 
atmosphere, than the true Prussian blue, in which the oxyd is per- 
fectly saturated. 

• Mrs, B. Certainly not. But in painting, the artist not reckon- 
itig upon partial alterations in his colors, gives his blue tints that 
particular shade which harmonizes with the rest of the picture. If, 
afterwards, those tints become darker, the harmony of the coloring 
must necessarily be destroyed. 

Caroline, Pra} of what nature is the paint, called cmmiine ? 

Mrst B. It is an animal color, prepared from wchineal, an insect*, 
the infusion of which prodaces a venr beautiful red.* 
■* Carolme, Whilst we arc on the subject of colors, I should like to 
learn what voUry hlack is ? 

' * Carmine is obtained by precipitating the co1orin|f matter from 
an infusion of the insect by means of a solution of tm.-^— C. 



1325. To what opinion was Sir H. Davy led respecting acidity ' 

1326. Why is not Prussian blue a permanent oil color .^ 

] 327. In what way may Prussian blue be made a permanent color ? 
1328. From what is carmine prepared } 
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Mr8, B. It 18 a carboDaceons substance, obtained by the combns- { 
tion of ivory. A more common species of black is obtained from I 
the burning of bone. . * 

Caroline. But during the combnstioa of ivory or bone, the. car- 
bon, I should have imagined, mast be converted into carbonic acid 
gas, instead of this black substance f 

j\lrt. B. In this and in most combustions, a considerable part of 
the carbon is simply Tolatilized by the beat, and again obtained con* 
Crete on cooling. This color, therefore may be called the soot 
produced by the burning of ivory or bene. 



CONT£RSATION XXIT. 

OF THE ANIHAI. EQONOMY. 

Jl!fr^. B. We have now acquired some idea of the various mate- 
rials which compose, the animal system; but if yoo are curious to 
know in what m^nper these substances are formed by the animal 
organs from vegetable, as well as from animal substances, it will be 
necessary to have some previous knowledge of the nature and 
functions of these organs, without which it is impossible to form any 
distinct idea of the process of animalization and nutrUum* 

Caroline* I do not exactly understand the meaning of the word 
animalization. 

Mrs, B. Animalization is the process by which the food is otnin- / 
Hated, that is to say, converted into animal matter ; and nutrition isf 
that by which the food thus assimilated is rendered subservient to ) 
the purposes of nourishing and maintaining the animal system. 

Emily. This, I am sure, must be the most interesting of sdl the 
branches of chemistry ? 

Caroline. So I think ; particularly as I expect that we shall beat* 
something of the naturie of respiratioo, and of the circulation of 
the blood ? 

J(fr«. B. These functions undoubtedly occupy a most important 
place in the history of the animal economy. But I must previously 
give you a very short account of the principal organs by which the 
various operations of the animal system are performed. These are : 

The Banei^ 
Mutelety 
Blood vetsdt^ 
Lymphaiie veaelt^ 
* Otemir, and ^ 

Serves. 

The bonet are the most solid part of the animal frame, and in a 

great measure determine its form and dimensions. Ton recollect I 

.suppose what are the ingredients which enter into their composition. 



1329. How is ivory black made ? 

1330. What is the subject of the 24th conversation f 

1331. What is nutrition ? 

1332. What are the principal organs by which the rarious ope> 
rations of the animal system are performed ? 
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' Caroline. Tes ; pbospbat of lime, cemented by gelatioe. 

Mrs, B. During the eariie^t period of «nimal life, they consist 
almost entirely of g^elatinous membrane, baying^ tbe form of the 
bones, but of a loose sponjery texture, tbe cells.or cayities of which 
are destined to be filled with pbosphat of lime ; it is tbe gradual ao> 
quisition of this, salt which gives to the bones their subsequeot 
hardness and durability. Infants first receive it from tbeir moth- 
er's milk, and afterwards derive it from all animal and from most veg^ 
etable food, especially farinaceous substances, such as wheat- floor, 
which contains it in sensible quantities. A portion of the pbosphat, 
after the bones of the infant have been sufficiently expanded and 
solidified, is deposited in the teeth, which consist at first only of a 
gelatinous membrane, or case, fitted for tbe reception of this salt ; 
and which, after, acquiring hardness within the gum, gradually pro- 
trude from it. 

Caroline. How very curious this is ; and how ingeniously nature 
has provided for the solidification of such bones «s are immediately 
wanted, and afterwards for the formation of the teeth, which would 
' not ooly be useless, but detrimental in infancy. 

Mrs. B. In quadrupeds, tbe pbosphat of lime is deposited iilce- 
wise in their horns, and the hair or wool with which they are gener- 
ally clothed. 

In birds it serves also to harden the beaks^and the quills of their 
feathers. 

When animals are arrived to a state of maturity, and their bones 
have acquired a sufficient decree of solidity, the pbosphat of lime 
which is taken with the food is seldom assimilated, ei^cepting when 
the female nourishes her young ; it is then all secreted into the milk, 
as a provision for the tender bones of the nursling. 

Emily ^ So that whatever becomes superfluous in one being, is 
immediately wanted by another ; and the child acquires strength 
precisely by the species of nourishment which is no longer necessa- 
ry to the mother. Nature is indeed, an admirable economist ! 

Caroline. Pray, Mrs. B., does not tbe disease in the bones of 
childre%, called the rickets, proceed from a deficiency of pbosphat 
of lime ? 

Jtfr«. B, I haye beard that this disease may arise from two causes ; 
it is sometimes occasioned by tbe growth of the muscles being too 
rapid in proportion to that of the bones. In this case the weight 
of the flesh is greater than the bones can support, and presses upon 
them so as to produce a swelling of the joints, which is the great 
indication of the rickets. 

The other cause of this disorder is supposed to be an imperfect di- 



1333. What are the ingredients that enter into the composition 
of bones ? 

1334- What gives to bones their hardness and durability ? 

1335. What is the state of bones in the early periods of animal life ? 

1336. Whence is the pbosphat of lime necessary in the formation 
of bones obtained .' 

1337. How are teeth formed .' 

1338. What gives tbe horns of quadrupeds and the beaks and 
quills of birds tbeir hardness ? 

1339. When is the pbosphat of lime assimilated in adult animals ? 

1340. How is the disease called rickets occasioned ? 



i 
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g^estioa and assimilatioD of the food, attended with an excess ofi 
acid, which counteracts the formation of phospbat of lime. In both 
instances, therefore, care should be taken to alter the child's dict» 
not merely by increasing the quantity of aliment containing phos- y 
phat of lime, but also by avoiding all food that is apt to turn acid on ( 
the stomach, and to produce indigestion. But the best preserra- ) 
live against complaints of this kind, is no doubt« good nursing : > 
when a child has plenty of air and exercise, the digestion and as- , 
similation will be properly performed, no acid wi-U be produced to 
interrupt these functions, and the muscles and bones will grow to- 
gether in just proportions. 

Caroline, I have often heard the rickets attributed to bad nurs- 
ing, but I never could have guessed what connexiop there was be- 
tween exercise and the formation of the bones. 

J^rs. J?. Exercise is generally beneficial to all the animal func- 
tions. If man is destin^ to labour for his subsistence, the bread 
which he earns is scarcely more essential to his health and ppeserv- ^ 
ation than the exertions by which be obtains it. Those whom 
the gifts of fortune have placed aboye the necessity of bodily la- 
bour, are compelled to take exercise in some mode or other, and 
when they cannot convert jt into an amusement, they must submit 
to it as a task, or their health will soon experience the effects of 
theii^ indolence. 

Emily* That will never be my case ; for exeroise, unless it be- 
comes ^tigue, always gives me pleasure ; and so far from being a 
task, is to me a source of daily enjoyment. I often think what $i 
blessing it is, that exercise, which is so conducive to health, should 
be so delightful ; whilst fatigue, which is rather hurtful instead of 
pleasure, occasions painful sensations. So that fatigue, no doubt, 
was intended to moderate our bodily exertions, as satiety puts a 
limit to our appetites. 

Mrs, S. Certainly.— But let us not deviate too far from our sub- 
ject. The bones are connected together by ligaments, which con- 
sist of a white, thick flexible substance, adhering to their extremi- 
ties so far as to secure the joints firmly, though without impeding 
their motion. And the joints are, moreover, covered by a solid, 
smooth, elastic white substance, called eartilagej the use of which 
is to allow, by its smoothness and elasticity, the bones to slide easily 
over one another, so that the joints may perform their office without 
difficulty or detriment. 

Over the bones the muteles are placed ; they consist ef bundles 
of ^bres, which terminate in -a kind of string, or ligament, by 
which they are fastened to the bones. The muscles are the organs 
of motion ; by their power of dilatation and contraction, they put 
into action the bones, which act as levers in all motions of the body, 
and form the solid support of its various parts. The muscles are 
of various degrees of strength or consistence, in different species 
of animals. The mammiferous tribe, or those that snckle their 
young, seem, in this respect, to occupy an intermediate place be- 
tween birds and cold-blooded animals, such as reptiles and fishes. 

Endly. The different degrees of firmness and solidity in the mus- 

1341. What precaution may be taken against this disease ? 

1342. How are the bones of an animal system confined together ? 

1343. By what are the joints covered ? 

1344. By what* are the organs ef motion ? 
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clesof these several specif of animals, proceed, I imag'ine, from 
the difierent Datura of tbe food on which ttiey subsist. 

J^rt» B. No, that is not sdpposed to be the case ; for the human 
speipies, who are of the mamnitferous tribe, lire on more substantia] | 
food than birds; and yet the latter exceed them io muscuSar I 
strengrth. We shall, hereafter, attempt to account for this differ- 
ence; but let OS now proceed In the examination of the animal | 
functions. 

The next class of organs is that of the vessels of the body, the of- 
fice of which is to convey the vanoos fluids tbroughoiit the frame. J 
These vessels are innumerable. The most considerable of them 
are those through which the blood circulates, which aire of two ' 
kinds ; the arienei which convey it from the heart to the extremi- J 
ties of the body, and the veins which bring it back into the heart. ] 

Besides these, there are a numerous set of small transparent ves- 

/ eels, destined to absorb and convey different fluids into tiie blood ; 

they are generally called the absorbent or lymphatk vessels ; but it 

is to a portion of them otily, that the function of conveying into 

the blood the fluid called^mpA. is assigned, 

Emity. Pray what is the nature of that fluid ^ 

Jits, B, The nature and use of tbe lymph have, I believe, never 
been perfectly ascertained ; but it is supposed to consist of matter 
that has been previously animalized, and which after answering the 
|iorpose for which it was intended, must, in resrular rotation, make 
way for tHe fresh sujpplies produced by nborishment. The lym- 
phatic ve8seh^putnp up this fluid from every part of the system, arid" 
convey it into the vems to be mixed with the blood which runs 
through them, and wh'ich is commonly called venous blood. 

Carotine, But 66eB it not again enter into the animal sj'stem 
through that channel ? 

Jlfr<. B, Not entirely ; for the venous blood does not retura into 
tbe circulation until it has undergone a peculiar change, in which 
it throws off whatever is bobome useless. 

Another set of ai)Sorbent vessels pump up the chyle from the 
stomach and intestines, and convey it, aflermany circumvolutions, 
into the great vein near the heart.* 

Emity. Pray, what is chyfe? 

J^rs. B. It is the substance into' which food is converted by di- 
gestion. 

Caroline, One set of the absorbent vessels, then, is employed in 
bringing away the old materials which are no longer fit for use : 
whilst the other set is busy in conveying into the blood the new ma- 
terials that are to replace them f 



* This is a mistake The chyle is. conveyed into tUe trUnk of the 
absorbent system, called by anatomists the thoraeie duet. This runs 
in a serpentme direction along the internal side of the back bone, 
up to the subclavian vein^ which lies under the collar bone. Into 
this vein the chyle is discharged, and mixes with the blood, and be- 
fore it reaches the heart, it is converted into blood itself.— C. 



1345. For what purpose are the arteries ? 

1346. For what purpose ate the veins.' 
I34T. What are lymphatic vessels? 
1348. Vr hat is pbyle ? 



\ 
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Emily. Whatagreat rariety of ipgredieots must enter into the 
.CQoipoaition of (he hlood ! 

JIars. JB. You must observe that there is also a g^reat variety of i 
substances to be secreted from it. We may compare the blood to a I 
gfeneral receptacle or storehouse for all kinds of commodities, which \ 
ane afterwards fashioned, arranged, and disposed of, as circumstan- ^ 
ces require. • ' 

There is another set of absorbent vessels in females, which is des- 
tined to secrete milk for the nourishment of the young^. 

Emily. Pray is not milk very analagous in its composition to 
blood ; for, since the nursing derives its nourishment from that 
source only, it must contain every principle which the animal sys* 
tern requires. 

Mrs. B. Very true. Milk is found, by its analysis, to contain the 
principal materials of animal matter, albumen, oil, and phosphat of 
lime ; so that the suckling has but Jittle trouble to digest and assi- 
milate this nourishment. But we shall examine the composition -of 
milk more fully afterwards. 

In many parts of the body, numbers of small vessels are. collected 
together in little bundle^ called glands^ from a Latin word, mean- 
ing acorn, on account of the resemblance which some of them bear 
in shape to that fruit. The functions of the glands is to secrete^ or . 
separate certain matters from the blood. 

The secretions are not only mechanical, but ebemical separations 
from the blood ; for the substances thus formed, though contained 
in the blood, are not ready combined in that fluid. The secretions,' 
are of two kinds ; those which form peculiar animal fluids, as bile, 
tears, saliva, &c. ; and those which produce the general materials 
of the animal system, for the purpose of recruiting and nourishing 
the several organs of the body; such as albumen, gelatine, and 
fibrine ; the latter may be disijnguished by the name of fitUritive 
gecretionf, 

Caroline. I am quite astonished to hear that all the secretions 
Bheuld be derived from the bloods 

Emily. 1 thought that the bile was produced by the liver. 

Jdrt, B. So it is ; but the liver is nothing more than a very large 
/ gland, which secretes the bile from the blood. 

The last of the animal organs which we have mentioned are the 
nerves ; these are the vehicles of seniBatioUb every other part of the 
body beingf of itself, totally insensible. 

Caroline. They must, -then, be spread through every part of the 
frame, for we are every where susceptible of feeling. 

Emily. Excepting the nails and the hair. 

Mr*. S. And thos^ are almost the only parts in which nerves 

., cannot be discovered. The common source of all the nerves is the 

- brain; thence they descend, some of them through different aper- 

tures in the skull, but the greatest part through the backbone, and 

extend themselves by innumerable ramifications throughout the 
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1349. To what may the blood be compared ? 
ia50. Of what does milk consist ? 

1351. From what do the glands derive their name ? 

1352. What is their use f 

1353. Flow many kinds of secretions are there, and what are they ? 
*1354. What are the nerves ? 

...1355. l^hat is the common soiree oC'the nerves f 
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/whole body. They spread themselFes prer the muscles, penetrate 
1 thefi^Iaods, wind round the yaacular system, and even pierce into 
I the mterior of the bones. It is -most probable through them that the 
I communication is carried on bettveen the mind and the-other parts 
I of the body ; but in what tnanner they are acted on by the Blind, 
\ and made to react on the body, is stiU a profound secret. Many 
j hypotheses have been formedon this very obscure subject, but they 
.'are all equally improbable, and it would be useless for us to waste 
'our time in conjectures on an inquiry, which, in all probability, is 
- beyond the- reach of human capacity. 

Caroline, But you have not mentioned those particular nerves 
ithat form the senses of bearing, seeing, smelling, and tasting f 
/ Mn. B. They are considered as being of the same nature as 
^those which are dispersed over every part of the body, and consti- 
; tute the general sense of feeling. The different sensations which 
'they produce, arise from their peculiar situation and connexion with 
; the several organs of taste, smell, and hearing. ^ 

I Emily, But these senses appear totally di&rent from that of feeU 
4ng? 

J£r€.B, They are all of them sensations, but variously modified 
.according to the nature of the different organs in which the nerves 
are situated. For, as we have formerly observed, it is by contact 
only that the nerves are affected. -^Thus-odoriferous particles must 
strike upon the nerves of the nose, in orders excite the sense of 
smelling ; in the same manner that taste is produced by the parti* 
cular substance coming in contact with the nerves of the tongue. 
It is thus also that the sensation of sound is produced by the concus- 
sion of the air striking against the auditory nerve; and si^ht is the 
effect of the light falling upon the optic neire. These various sen- 
ses, therefore, are 'affected only b^tbe actual contact of the particles 
of matter, in the same manner as that of feeling. 

The different or.gans of the animal body, though easily separated 
and perfectly distinet; are loosely connoted to^fether by a kind of 
spongy substance, intexture somewhat resemblwg set* work, calU 
ed the cellular membrane ; and the whole is ooveredby the skin. 

This «^fi, as well as the bark of yegetables, is formed of three 
coats. The external one is called the cuHcUor efHdetmis^; the se- 
cond which.is called the mucout membranei is of a thin, soft texture, 
. and consists, of a mucous an bstance,s which, in negroes is black, and 
is the cause of their skin appearing of that colour. 
^Caroline, Is theli the external skin of negroes white like ours ? 
Jlfr5. B, Yes ; but as the cuticle is transparent, as wellas porous, 
the blackness of the mucous membrane is risible through it. The 
extremities of the nerves are spread over this skin, so that the sen- 
sation of feeling is transmitted through the cuticle. The internal 
covering of the muscles, which is properly the skin, is the thickest* 

1356. How are the nerves made subservient to the purposes of 
bearing, seeing, smelling, and tasting ? 

1357. By what are the different parts of the animal bodyxMrnnect- 
ed together ? 

1358. Of how many ^otU is the skin formed, and what are they 
^called ? 

1359. Where is the eolonr oftbe ^in ? 

J3lSiO. If the colour is in the secopd coat, why is jt sp easily,$eea«f 
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the toughest^ and the roost resisting^ of the whole ; it is .this mem- 
brane which is so essential in the arts, b.? forming leather when 
combined with tannin. ' . , 

. The skin which covers the animal body, as well as those mem- 
branes that form the coats of the vessels, consists almost exclasive*! 
ly of gelatine ; and is capable of being converted into glue, size, 
or jelly. 

The cavities between the muscles and the skin are usually filled 
with fat, which lodges in the cells of the membranous net before 
mentioned, and gives to the external form (especially in the human 
figure) that roundness, smoothness, and softness, so essential to 
beauty. 

Emily, And the skin itself is, I think, a very ornamental part of 
the human frame, both from the fineness of its texture, and the va- 
riety and delicacy of its tints. 

Mrs. B, This variety and harmonious gradation of colours^ pro- 
ceed, not so much from tbi6 skin itself, as from the internal organs 
which transmit their several colours through it, these tints being 
only softened and blended by the colour of the skin, which is uni- 
formly of a yellowish ophite. 

Thus modified, the darkness of the veins appears of a pale blue 
colour, and the floridness of the arteries is changed to a delicate 
pink. In the most transparent parts, the skin exhibits the bloom of 
the rose, whilst where it is more opaque, its own colour predomin- 
ates ; and at the joints, where the bones are most prominent, their 
whiteness is often discernible. ^ In a word, every part of the human 
frame seems to contribute to its external ornament ; and this not 
merely by producing a pleasing variejjr of tints, but by a peculiar 
kind of beauty which belongs to each individual part. Thus it is 
to the solidity and arrangement of the bones that the human figure 
owes the grandeur of its stature, and its firm and dignified deport- 
ment- The muscles delineate the form, and stamp it with energy 
and grace, and the soft substance which is spread over them smooths 
their rugged oess, and gives to. the contour the gentle undulations 
of the line of beauty. Everv org^n of sense \s a peculiar and sep- 
arate ornament ; and the skin, which polishes the surface, and 
g^ves it that charm of colouring so inimitable by art, finally con- 
spires to render the whole the fairest work of the creation. 
- But now that we have seen in what manner the animal frame is 
formed, let us observe how it provides for its support, ?nd how the 
several organs, which form so complete a whole, are nourished and 
maintained. 

This will lead us to a more particular explanation of the internal 
* organs : here we shall not meet with so much apparent beauty, be- 
cause these parts were not intended by nature to be exhibited to 
view ; but the beauty of design, in the internal organization of the 
animal frame, is, if possible, still more remarkable than that of the 
external parts. 

We shall deferthis subject till our next interview. 



13$1. Of what does the skin consist ? 

1362. On what is^the human complexion or colour depending be- 
sides the skin .' 

26 
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CONVERSATION XXV. 

ON ANIHALISATION, NUTRITION, AND RBSPIKATION. 

Mr 9* B, We have now learnt of what ma-.erials the animal sys- 
tem is composed, and have formed some idea of the nature of its or- 
ganization. In order to complete the subject, it remains for us to 
examine in what manner it is nourished and supported. 

Vegetables, we have observed, obtain their nourishment from va- 
rious substances, either in their elementary state, or in a very sim- 
ple state of combination ; as carbon, water, and salts, which they 
pump up from the soil ; and carbonic acid and oxygen, which they ■ 
absorb from the atmosphere. 

Animals, on the contrary, feed on substances of the most compli- 
cated kind ; for they derive their sustenance, some from the animal 
creation, others from the vegetable kingdom, and some from both. 

Caroline. And there is one species of animals, which, not satisfied 
with enjoying either kind of food in its simple state, has invented 
the art of combining them together in a thousand ways, and of ren- 
dering even the mineral kingdom subservient to its refinements. 

Emily* Nor is this all ; for our delicacies are collected from the 
various climates of the earth, so that the four quarters of the g^lobe 
are often obliged to contribute to the preparation of our simplest 
dishes. 

Caroline, But the very Complicated substances which constitute 
the nourishment of animals, do not, 1 suppose, enter into the sys- 
tem in their actual state of combination ? 

' Jlfr*. B. So far from it, that they not only undergo a new ar- 
rangement of their parts, but a selection is made of such as are 
most proper for the nourishment of the body, and those ooly enter 
into the system, and are animalised. 
EmUy. And by what organs is this process performed ? 
i^ Mrt. B. Chiefly by the stomach, which is the organ of digestion, 
, and the prime regulator of the animal frame. 
) DigesHonis the first step towards nutrition. It consists in redu- 
t cing into one homogeneous mass the various substances that are 
taken as nourishment ; it is performed by first chewing and mixing^ 
- the solid aliment with the saliva, which reduces it to a soft mass, in 
which state it is conveyed into the stomach, where it is more com- 
pletely dissolved by the gastric juice. 

This fluid (which is secreted into the stomach by appropriate 
glands) is so powerful a solvent, that scarcely any substances will 
resist its action. 

Emily. The coats of the stomach, however, cannot be attacked 
by it, otherwise we should be in danger of having them destroyed 
when the stomach was empty. 

1363. What is the subject of the 25th conversation ? 

1364. Do the substances which constitute the nourishment of an- 
imals enter into their system, in their actual state of combination ? 

1365. Where is the digestion performed ? 

1366. What is the first ooeration in digestion ? 

1367. What oflSce is performed by the gastric juice > 
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Jtfr#. B, They are probably not subject to iU action ; as lon^, a1 
leasts as life continues. But it appears, that when the gastric juice 
has no foreign substance to act upon, it is capable of occasioning aj 
degree of irritation in the coats of the stomach, which produces tbe 
sensation of hunger. The gastric juice, together with the heat audi 
muscular action of the stomach, converts the aliment into an uni-| 
form, pulpy mass, called chyme. This passes into the intestines,^ 
where it meets with the bile and some other fluids, by the agency of^ 
which, and by the operation of other causes hitherto unknown, the ' 
chyme is changed into chyle, a muQh thinner substance, somewhat' 
resembling milk, which is pumped by immense numbers of small 
absorbent vessels spread over the internal surface of the intestines. 
The^, after many' circumvolutions, gradually meet and unite into 
large branches, till they at length collect the chyle into one vessel, 
which pours its contents into the great vein near the heart, by which 
means the food, thus prepared, enters into the circulation. 

Carolina, But I do not vet, clearly understand how the blood, thus 
formed, nourishes the body and supplies all the secretions ? 

Mr8. B. Before this can be explained to you, you must first allow , 
me to complete the formation of the blood . The chyle may, indeed, 
be considered as forming thechicf ingredient of blood : but this fluid \ 
is not perfect until it has passed through the lungs, and undergone 
(together with the blood that has already circulated) certain neces- 
sary changes that are effected by RfcspiRATioN. 

Caroline, lam very glad that you are going to explain the nature 
of respiration : I have often longed to understand it; for though we 
talk incessantly o^hretUhing^ 1 never knew precisely what purpose 
it answered. 

J\Ir8. B» It is, indeed, one of the most interesting processes ima- 
ginable ; but in order to understand this function well, it will be 
necessary to enter into some previous explanations. Tell me, 
Emily, what do you understand by respiration ? 

Emily. Respiration, I conceive, consists simply in alternately in^ 1 
spiring air into the lungs, and expiring it from them. 

J^rt, B. Tour answer will do very well as a general definition. 
But, in order to form a tolerably clear notion of the various phenom- 
ena of respiration, there are mai^ circumstances to be taken into 
consideration. 

In the first place, there are two things to be distinguished in res- 
piration, the meehamcal and the chemical part of the process. 

The mechanism of breathing depends on the alternate expansions 
and contractions of the chest, in which the lungs are contained/ > 
When the chest dilates, the cavity is enlarged, and (he air rushes ia 
at the mouth, to fill up the vacuum formed by this dilatation ; wheq 
it contracts, the cavity is diminished and the air forced out again.'r 

1368. How is the sensation of hunger produced ? 

1369. At what state of animalisation is the aliment called chyme f 

1370. Into what is it next changed f 

1371. How does chyle differ from chyme f 

1372. What forms the chief ingredient of blood ? 

1373. What is respiration I 

1374. On what depends the mechanism of breathing."* 

1375. What takes place when the chest dilates ? 

1376. What takes place when it contracts? 
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of bnathinif. 



Caroline. 1 tboug^ht that it was the lungs that contracted and ex- 
panded in breathing. 

Mrs, B. They do likewise ; but their action is only the conse- 
qneoce of that of the^jhest. The lungs, together with the heart and 
largest blood vessels, in a manner fill up the cavity of the chest : 

, they could not, therefore, dilate, if the chest did not previously ex* 

• pand ; and, on the other hand, when the chest contracts, it com- 

^ .presses the lung^, and forces the air out of them. 

i Caroline. The lungs, then, are like bellows, and the chest is the 
jDower that works them. 

^ (Fig. 35. 

Mn. B, Precisely so. Here is a curiousApp««*aHo ii[«tnjte ^^ 
little figure which will assist me in explain- 
ing the mechanism of breathing. 

Caroline. What a droll figure ! a little 
head fixed upon a glass bell, with a bladder 
tied over the bottom of it. 

Ji£rt,B, You must observe that there is 
another bladder within the glass, the neck 

) .of which communicates with the mouth of 

' the figure-^this represents the lungs con- 
tained within the chest ; the other bladder, 
which you see is tied loose, represents a 
muscular membrane, called the dia- 

: phragm^ which separates the chest from 

■ the lower part of the body. By the chest, 
therefore, I mean that large cavity in the 

; upper part of the body contained within the 

j ribs, the neck, and the diaphragm ; this 

i membrane is muscular, and capable of con- 

f traction and ' dilatation. The contraction 
may be imitated by drawing the bladder 
tight over the bottom of the receiver, as I 
can easily do by squeezing it in my band, 
when the air in the bladder, which repre- __ 

sents the lungs, will be forced out through^ ^^ owlML^BrBWd*,,. 

the mouth of the figure. — pmentinf loop. C. Blaadv n- 

praMotlog the DiKphrapn* 

timUy. See, Caroline, how it blows the flame of the candle in 
breathing ! 

J(fr«. B, By letting the bladder loose again^ we imitate the dila- 
tation of the diaphragm, and the cavity of the chest being enlarged, 
the lungs expand, and the air rushes in to fill them. 

Emiiy, This figure, I think, g^ves a very clear idea of the process 
4)f breathing. 

J^n. B. It illustrates, tolerably well, (he action of the lungs and 
diaphragm ; but those are not the only powers concerned in theen- 
'largement or diminution of the cavity of the chest; the ribs are also 
possessed of a muscular motion for the same purpose ; they are al« 
ternately drawn in, edgeway6,4o assist the contraction, and stretch- 

' < I I ■ III. — i — .■ ■ 111 * 

1377. On what does the expansion and contraction of the lungs 
depend ? 

1378. What part of the4)ody is called the chest .^ 

1379. How would you explain figure 36 ? 




J 



OfX BESPISATIOV. 305 

ed out, like the hoops of a barrel, to coDtribute to the dilatation of 
the chest. 

Emily, 1 always supposed that the elevation abd depression of 
the riba were the coosequeoce, not the cause, of breathing. 

Mrs. B. It is exactly the rieverse. The muscular action of Jtbes 
diaphragm, together with (hat of the ribs, are the catues of the con-1 
traction and expansion of the chest ; and the air rushing into, and/ 
being expelled from the lungs, are on\j consequencei of those actions.' 

Caroline* I confess that 1 thought the act of breathing began by 
opening the moUth for the air to rush in, and that it was the air 
aione, which, by alternately rushing in and out, occasioned the di> 
latations and contractions of the lungs and chest. 

mMrt. B. Try the experiment of merely opening your mouth : 
the air will not rush in, till by an internal muscular action you pro- 
duce a vacuum — yes, just so, your diaphragm is nj#w dilated, and 
the ribs expanded. But you will not be abje to IMp them long in 
that situation. Your lungs and chest are already resuming their 
former state, and expelling the air with which they had just been 
filled. This mechanism goes on more or les^ rapidly : but, in gene- ' 
r^l, a person at rest and in health will breathe between fifteen andf 
twenty- five times in a mmule. i 

We may now proceed to the chemlc^ effects of respiration ; bat, 
for this purpose, 'it is necessary that you should previously have 
some notiom of the circtUaliofi of the blood. Tell me, Caroline, 
what do you understand by the circulation of the-blood ? 

Caroline, I am delighted that you have come to this subject ; for 
it is one that has long excited my curiosity. But 1 cannot conceive 
how it is connected with respiration. The idea that I have of the 
circulation is, that the blood runs from the heart through the veins 
all over the body, and back again to the heart j 

J^Irs, B, I could hardly have expected a better definition from 
you : it is, however, not quite correct ; for you do not distinguish 
the arteines from the veins, which, as we have already observed, 
are two distinct sets of vessels, each having its own peculiar func- 
tions. The arteries convey the blood from the heart to the extre- / 
mities of the body ; and the veins brin^ it back into the heart. 

This sketch will give you an idea of the manner in ^hich some 
of the principal veins and arteries of the human body branch out 
of the neart, which may be considered as a common centre to both, 
sets of vessels. The heart is. a kind of strong elastic bag, or rous^' 
cular cavity, which possesses a power of dilating itself, for the pur- 
poses of alternately receiving and expelling the blood, in order to; 
carry on the process of circulation. 

Emily, Why are the arteries in this drawing painted red, and the 
veins purple? 

Jl/r«. B, It is to point out the difference of the colour of the blood 
in these two sets of vessels. 



1380. What office do the ribs perform ? 

1381. What causes the contraction and expansion of the chest ? 
1332. How many times will a person, well ai^, at rest, breathe 

M a minute ? 

1383. In what manner is the circuk.tion of hUff^ carried oi^^ 

1384. Havt is the heart described ! 

«6* 
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Caroline. Bat if it is the same blood which flows from the arte* 
ries into the yeins, how can its colour be changed ? 

Mrs, B. This chang^e arises from various circorostances. In the 
first place, durinr its passage through the arteries, the b'lood iSlnder- 
goes a considerable alteration, some of its constituent parts being 
gradually separated from it for the purpose of nourishing the bodj, 
and of supplying the various secretions. In consequence of this, 
the florid arterial colour of the blood changes by degrees to a deep 

£urple, which is its constant colour in the veins On Che other 
and, the blood is recruited during its return through the veins by 
the fresh chyle, or imperfect blood, vhich lias been prodaced by 
food ; and it receives also lymph from the absorbent vessels, as we 
have before mentioned. After having undergone these several 
changes, the blood returns to the heart in a state very diflereot 
'from that in which it left it. It is loaded with a greater proportion 
of hydrogen and carbon, and is no longer fit for the nourishment 
of the b^y, or other purposes of circulation. 

Emily. And in this state does it mi^ in the heart with the pare 
florid blood which runs into the arteries ? 

Mrt, B. No. The heart is divided into two cavities, or corn- 
partitions, called the right and left ventricles. The left ventricle is 
the receptacle for the pure arterial blood, previous to its circola- 
(ion ; whilst the venous, or impure blond, which returns to the 
heart after having circulated, is received into the ri?ht ventricle, 
previous to its purification, which I shall presently explain. 

Caroline, I own that I always thought (he same blood circulated 
again and again through the body, without undergoing any change. 

Mrs, B, Yet you must have supposed that the blcrad circulated 
for some purpose. 

Caroline, 1 know that it was indispensable to life; bat had no 
idea of its real functions. 

Jdrs. jB. But now that yoa understand that the blood conveys 
nourishment to every part of the body, and supplies the various 
secretions, you must be sensible that it cannot constantly answer 
these objects without being proportionally renovated and purified. 
' Caroline. But does not the chyle answer this purpose ? 

Mrs, B. Only in parf. It renovates the nutritive principles of 
the blood, but does not relieve it from the superabundance ot water 
and carbon with which it is encumbered. 

Emilp, How, then, is this effected ? 

Mti. B, By Respiration. This is one of the grand mysteries 
which modem chenriistry has disclosed. When the venous blood en- 
ters the right ventricle of the heart, it contracts, . by its muscular 
^wer, and throws the blood through a large vessel into the lungs, 
which are contiguous, and through which it circulates by millions of 



1385. How does the arterial differ from the venous blood ? 

1386. Does the vendus blood mix with the arterial in its return 
to the heart ? 

1387. How is nourishment conveyed to different parts of the body ? 

1388. How does the chyle serve to renovate and purify the blood ? 

1389. How is the blood relieved from its supeBabundance of-va- 
^er and caibon? 
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small ramifications. Here it comes in contact'* with the -air which/ 
we breathe. The action of the air on the blood in the lunges, is in-( 
deed, concealed from our immediatieobserFation'; but we are ablej 
to form a tolerable accurate judgment of it from the cbanffes which 
it effects, not only in the blood, but also on the air expired. 

The' air, after paseing^tbrough the lungs, is found 4o contain all the ; 
nitrogen inspired, but to'have lost part of its oi^ygen^ and to have \ 
acquired a portion 'of watery vapor, and of carbonic acid gas.— 
Hence it is inferred, that when 4be air comes in contact with the 
venous blood in the lungs, the ozyg^en attracts from it the supera- 
bundant quantity of carbon with which it has impregnated itself dur- 
ing the circulation, and converts it into carbonic acid. This gas- 
eous acid, together with the redundant moisture from the lungsf \ 
being then expired, the blood is restored to its former purity, that is, / 
to the state of arterial blood, and is thus ag^in enabled to perform j 
its various functions. 

CftroJine. This is truly wonderful ! of all that we have yet learn- 
ed, I do not recollect any thing that has appeared <to me so curious 
and interesting. I almost beli&vethat I snould like to study anato- 
my now, though I have hitherto had so disgustioe an idea of it.-— 
Pray, to whom arc we indebted for these beautiful discoveries ? 

Mrs, B, Priestly and Crawford, in this country, and Lavoisierl 
in France, are the principal inventors of the theory of respiration jl 
Of late years the subject has been farther illuBtrated and simplifiefT 
by the accurate experiments of Messrs Allyn and Pepys. But the; 
still more important and more admirable discovery of the circula- 
tion of the blood was made long before by our immortal country- 
roan, Hervey. 

Emily, Indeed, I never heard any thing that delighted me so 
much as this theory of respiration. But I hope, Mrs. B., that you 
will enter a little more into particulars before you dismiss so inter- 
esting a subject. We left the blood in the lungs to undergo the 
salutary change ; but how does it thence s>pread to all the parts of 
the body f 

Jifrs, B, After circulating through the lungs, t^e blood is collect-, 
ed into four large vessels, by which it is conveyed into the left ven- 
tricle of the heart, whence it is propelled to all the dr^erent parts 
•of the body l^ a large artery, wliicb gradually ramifies into mil- 
lions of small arteries through the whole frame, l^rom the extremi- 
ties of these little ramifioations the blood is transmitted to the veins, 

* Not in actual contact. In this case it is obvious there would be 
nothing to confine the blood^nd .pi*event its flowing out The air 
cells are separated from the blood vessels by an ektremely thin 
membrane.— C. 

I The quantity of moisture discharged "by the longs in 24 hours, 
may be computed at eigbt or nine ounces. 

1390. What effect does respiration bav« on the air we breathe? 

1391. What becomes of the blood when it has become purified in 
circulating through the lungs ? 

1392. Who were the inventorsof the received theory of respi- 
tion ? 

' 1393. W ho discovered the circulation of the blood ? 
1394. After the blood is purified in the lungs, how is it spread to 
the various parts of tlie body ? 
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which bringf it back to the heart and lungs, to go roond ag^in and 
again in the manner we have just described. Yon see, therefor^, 
that the blood actually undergoes twocirculatioos ; the one, tbroug-h 
the lungs, by which it is converted into pure arterial blood ; the 
other, a general circulation by which nourishment is conyeyed to 
' eveVy part of the body ; and these are both equally indispensable 
to the support of animal life. 

Emily, But whence proceeds thecarbonwith which the blood is 
impregnated when it comes into the lungs ? 

J Mrt*B. Carbon -exists in a greater proportion in blood than in 
/organized animal matter. The blood, therefore, after supplying- its 
\ various secretions, becomes loaded with an excess of carbon, which 
j is carried off by respiration ; and the formation of new chyle from 
I the food affords a constant supply of carbonaceous matter. 
) CaroUne. I wonder what quantity of carbon may be expelled 
from the blood by respiration in the course of 2i hours f 
Mrt, B. it appears by the experiments of Messrs. Allyn and 
^epys that about 40,000 cubie^ioches of carbonic acid gas, are emit- 
ted from the lung^ of a healthy person, daily ; which is equivalent 
to eleven ounces of solid carbon every 24 hours. ^ 

>^ Emily, What an immense quantity! And pray how much of , 
/carbonic acid gas do we expel from our lungs at each respiration ? ; 
Mr$, B, The quantity of air which we take into our lungs at { 
»ea«h inspiration, is about40 cubic inches, which contains a little less 
; than 10 cubic inches of oxygen ; and of those 10 inches, one-eighth 
'^ is converted into carbonic acid gas on passing once through the 
iungSflf a change sufficient to prevent air which has only been 
breathed once from suffering a taper to bum in it. 

Caro/tne. Pray how does air oome in contact with the blood in 
the lungs ? 

, Mr», B, I cannot answer this question without entering into an 
explanation of the nature and structure of the lungs. You re- 
collect that the venous blood, on being expelled from the right ven- 
tricle enters the lung^ to go through what we may call the lesser 
circul»tion ; the large'trunk or vessel conveys its branches out, at 
•its entrance into the lungs, ioto an infinite number of very fine ram- 
•ifications. The wind-pipe, which conveys the air from the mouth 
into the lungs, likewise spi-eads out into a corresponding number of 
air vessels, which follow the same course as the blood vessels, form- 
' ing millions of very minute air cells. These two sets of vessels are 
so interwoven as to form a sort of net-work, connected into a kind 
of spongy mass, in which every particle of blood roust necessarily 
come in contact with a partide of air. 

*" The bulk of carbonic acid gas formed by respiration, is exactly 
the same as that of the 0x5 gen g^as which disappears. 



1395. Whence proceeds the carbon with which the blood is im- 
pregnated on its return to the lun^^s P 

1396. What quantity oif carbon » expelled from the blood by res- 
piration in 24 hours ? 

1397. W hat is the quantity of air we take into our lungs at each 
respiration ? 

1398. How does^the air come in contact witfa the blood in the 
wigs.' 
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CaroHne. But since the blood and the air are contained in differ- 
ent vessels, how can they come io contact ? 

Jlfr«. B. They act on each other through the membrane which 
forms the coats of these Fessels ; for althoug^h this membrane pre* ' 
▼ents the blood and the air from mixing together in the lungs, yet it. 
is no impediment to their chemical action on each other.''' 

Emily. Are the lungs composed entirely of blood vessels and air 
vessels ? 

Jtfr«. B. I believe they are, with the addition only of nerves an^ 
of a small quantity of the cellular substance before-mentionedl 
which connects the whole into a uniform mass. 

Emily, Pray, why are the lungs always spoken of in the plural 
number ? Are there more than one ? 

Jtfrf. B. Yes ; for though they form but one organ, they really 
consist of two compartments, called lobet^ which are enclosed in sep- 
arate membranes or bags, each occupying one side of the chest, and 
being in close contact with each other, but without communicating 
together. This is a beautiful provision of nature, in consequence <m 
which, if one of the lobes be wounded, the other performs the whole 
process of respiration till the first is healed. 

The .blood, thus completed, by the process of respiration, forms/ 
the most complex of all animal compounds, since it contains not on* \ 
ly the numerous materials necessary to form the various secretions, ) 
as saliva, tears, &c. but likewise all those that are required to nour- ( 
ish the several parts of the body, as the muscles, bones, nerves, ) 
glands, &c.f 

* It is- not absolutely certain that the change which the blood un- 
idfirgoes in the lungs is entirely owinff to the loss Of carbon ; since 
experiments shew that any animal substance, even the hand, when 
confined in a portion of atmospheric air, lessens the quantity of ox- 
ygen and produces a correspondinf quantity of carbonic acid. It 
IS possible then, that the carbon produced by respiration, may be 
owinr merely to the contact between the air and the lungs. — C. 

f The pfpcess of secretion does not -consist merely in the separa- 
tion of certain materials from the blood by the secreting organ ; 
but in many instances, entirely new products are formed, no traces 
of which have been detected in the blood. For instance, the solid 
matter of the bones is derived from the blood, yet not a particle of 
phosphat of lime, (a substance composing the basis of the bone,) is 
found in it. It appears, then, that the glands which^are the organs 
of secretion, have the power ofprodiieing from the ultimate atoms 
of the blood, the varietv of products peculiar to each. Thus, the 
glands situated about the eyes secrete the (ears, a saline, pellucid 
fluid ; while the liver secretes from the same source, the bile, a 
greenish, opaike, bitter, «nd extremely nauseous substance. It is 
most probable that we shall ever remain in profound ignorance, of 
any mode of imitating these operations.— 

1399. If the blood and air are contained in separate vessels, how 
can they come in contact f 

1400. Are the lungs entirely composed ot blood and air vessels ? 

1401. Why are the lungs spoken of in the plural number? 

1402. What forms the most complex of all the animal compounds ? 

1403. What is said of seereiion in the note ? 
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Emi^, There seems to be a singular analogy between the blood 
of aaimals and the sap of tegetables ; for each of these fluids con- 
tains the several materials destined for the nutrition of the numer- 
oas class of bodies to which they respectively belong. 

Mrs. B. Nor is the production of these fluids in the animal and 
vegetable systems entirely different ; for the absorbent vessels 
which pump up the chyle from the stomach and intestinesy. may be 
compared to the absorbents of the roots of plants, which suck ap 
the nourishment from the soil. And the ana!o^y betweeu the sap 
and the blood may be still further traced, if we follow the latter in 
the course of its circulation ; for in the livint^ animal, we 6nd every 
where oreans which are possessed of a pow^.r to secrete from the 
blood and appropriate to themselves the ingredients requisite for 
their support. 

Caroline. But whence do these organs derive their respective 
powers ? 

Mrs, B» From a peculiar organization, the secret of which no 
one has yet been able to unfold. But it must be ultimately by 
means of the vital principle that both their mechanical and chemi- 
cal powers are brought into action. 

I cannot dismiss the subject of circulation without meotioning 
perspiration, a secretion which is immediately connected with it, 
and acts a most important part in the animal economy. 

Caroline, Is not this secretion likewise Aade by appropriate 
glands ? 

Mrs, B, No ; it is performed by the extremities of the arteries, 
which penetrate through the skin and terminate under the cuticle, 
^ through the pores of which the perspiration iissues. When this flu- 
'^ id is not secreted in excess, it is insensible, because it is dissolved 
by the air as it exudes from the pores ; but when it is secreted 
faster than it can be dissolved it becomes sentibUt as it assumes its 
liquid state. 

Emily, This secretion bears a striking resemblance to the trans- 
piration of the sap of plants. They both consist of the most fluid 
parts, and both exude from the surface by the extremities of the 
vessels through which they circulate. 

Mrs, B. And the analogy does not stop there ; for, since it has 
been ascertained that the sap returns into the roots of the plants, 
the > esemblance between the animal and vegetable circulation is 
become still more obvious. The laiter, however, is far from being 
complete, since, as we observed before, it consists only in a rising 
and descending of the sap, whilst in animals the blood actually eir- 
etdales through every part of the system. 

We have now. I think, traced the process of nutrition, from the 
introduction of the food into the stomach, to its finally becoming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What further remarks we have to make on the animal economy 
shall be reserved for our next interview. 

' ' ' ' ' ■ ' ■■■ y W IW H — ■ II ■■■ I ■ ^ M — m W -Mil ■■!■ . 

146»4. What analogy is there between the blood of animals and 
vegetables? 

1405. Whence do the several org^ans derive their respective 
powers ? 

J 406. flow does perspiration take place ? 

1407. When is perspiration insensible ? 

1408. When does it become«ensible? 
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CONVERSATION XXVI. 

ON ANIMAL HEAT ; AND ON VARIOUS ANIMAL PRODUCTS. 

Emily* Since our last interview, I have been thinking much of 
the theory of respiration ; and 1 cannot help being struck with the 
resemblance which it appears to bear to the process of combustion. / 
For in respiration, as in most cases of combustion, the air suffers a j 
change, and a portion of its oxygen combines with carboo, pro- -. 
ducing carbonic acid gas. 

Mrs. B» I am much pleased that this idea has occurred to you ; 
these two processes appear so very analagous, that it has been sup- 
posed that a kind of combustion actually takes place in the lungs ; 
not of the blood, but of the superfluous carbon which the oxygen 
attracts from it. 

Caroline, A combustion in our lungs ! that is a curious idea in- 
deed ! But, Mrs. B., how can you call the action of the air on the \ 
blood ib the lungfs combustion, when neither light nor beat are 
produced by it ? 

Emily, 1 was going to make the same objection. — Tet I do not 
conceive how the oxygen can combine with the carbon, and pro- 
duce carbonic acid without disengaging heat ? 

Jlfr*. B, The fact is that heat is disengaged.* Whether any light 
be evolved, f cannot pretend to determine; but that heat is pro- 
duced in considerable and very sensible quantities is certain.; and 
this is the principal, if not the only source of animal hkat. 

Emily. How wonderful that the very process which purifies and 
elaborates the blood, should afford an inexhaustible supply of in- 
ternal heat ? 

Jlfr«. B. This is the theory of animal heat in its original simplici- 
ty, such nearly as it was first proposed by Black and Xiavoisier. It 
appeared equally •clear and ingenious; and was at first generally 
adopted. But it was objected on second consideration, that if the 
whole of the animal heat was evolved in the lungs, it would necessa- 
rily be much less in the extremities of the body, than immediately at 
its source ; which is not found to be the case. This objection, how* 
ever, which was by no means frivolous, is now satisfactorily removed 
by the following consideration * — Venous blood has been found by 

* It has been calculated that the heat produced by respiration in 
12 hours, in the lun^ of a healthy person, is such as would melt 
about 100 pounds of ice. 



1409. What analogy is there between respiratioQ and com- 
bustion? ■ 

1410. What is the principal sonrce of animal heat ? 

1411. What objection has been made to the hypothesis which 
iMcribes animal heat to respiration ' 

1412. If the whole of animal beat is evolved in the lungs, why is 
it not less at the extremities of the body Uian at itBBource? 
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/ experiment to have lets eapaeity for Aeaf, than arterial bicxid; 
wheoce it follows that the blood, in gradually passiDg' from the ar- 
"' terial to the venotts state, during' the circulation, parts with a por- 
tion of caloric, by means of which heat is diffused through every 
part of the body.* 
Emily. More and more admirable ! 
Caroline, The cause of animal heat was always a perfect mystery 

* This is substantially Dr. Crawford^s theory of animal heat : and 
that it is a most beautiful and ingenious one, cannot be denied. Sob- 
sequent experiments have, however, proved its fallacy. -Dr. John 
Davy has shown that the difference of capacity for heat, between the 
two kinds of blood is much less than was supposed by Dr. Crawford ; 
the capacity of arterial being only one per cent, above that of re- 
nous blood. Now it is obvious that this minute difference cannot ac- 
count for animal temperature; nor is it certain that eren tbisaoiaU 
quantity of heat is given out to the system. Another objection is 
tne result of an experiment of Mr. Brodie. This indeed aeems to 
settle the question that animal heat does not depend on any change 
which the blood undergoes in the lungs. He found that on keeping 
up an artificial respiration in the lungs of a decapitated animal, the 
blood was changed from. black to red, and carbonic acid was giv- 
en out as usual ; but that the animal grew cold faster than another 
dead one, where such artificial respiration was not kept up. 

This, it is obrious would be the case, unless heat was caused by 
respiration, as the air forced into the lungs would tend to cool'the 
animal. 

- Prof. Cooper, of Philadelphia, proposes another theory. ** I see 
no material difficulty," says he, '* in accounting for the production 
of animal heat from the doctrine of latent heat. The fluids of the 
body are incessantly employed to renew the solids ; when a fluid 
is conrerled into a solid, beat or caloric is precipitated. Tl)is takes 
place every moment very gradually in every part of the system." 

We are ignorant of the train of arguments by which the learned 
Professor supports hia theory. But, if on the one hand, the conver- • 
sion of a fluid into a solid produces heat, suit is equally well proved « 
that the conversion of a solid into a fluid produces cold. Now the 
solid parts of the body, after being deposited from the fluids, are 
again oonrerted into fluids by the absorbents. This theory, then, 
accounts for the production of beat only when the deposition is 
greater than the absorption, as during the growth of the system. 

From some experiments, made by Mr. Brodie, and Dr. Philip, 
they have been induced to believe that animal temperature depends 
on the influence of the nerves. 

In regard to this thepry, it may be observed, that in some instan- 
ces where the nervous influence seems to be suspended, the heat of 
the part remains much the same as in health. 

This subject has excited the attention of the learned and curioa 
in all ages, and a great variety of theories have been offered to acs 

1413. What objection is there to Dr. Crawford'i theory of animal 
heat? 

1414. What is Professor Cooper's theory of animal heat ? 

1415. Whjot was the opinion of Mr, Brodie^ and Dr. Philip^ on the 
subject of animal heat ? 
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to me, and I am delighted with its explaoation. Bat, pray, Mrs. B., 
^<!aii you tell me what is the reason of the increase of heat that takes 
jAa6e in a fev^er ? 

Emily, Is it not becapse we then breathe quicker, and, there- 
fore, more heat is disengaged in the system ? 

Mr$. B. This may be one reason : but I should think that the 
principal cause of the beat experienced in fevers, is that there is no 
▼ent lor the caloric which is generated in the body. One of the 
.most considerable secretions is tbe insensible perspiration ; this is 
constantly carrying off caloric in a latent state ; but during the hot 
stage of a feyer, the pores are so contracted, that all perspiration 
weeases, and the accumulation of caloric in the body occasions those 
burning sensations which are so painful. 

EmUif^ This is, no doubt, the reason why tbe perspiration which 

■^ften succeeds the hot stage of a fever, affords so much relief. If I 

haril kuown this theory of animal heat when I had the*fever last 

summer, I think I should have foifnd some amusement in watching 

the ehemical processes that were going on within me, 

Caroline. But exercise likewise produces animal heat, and that 
must be quite in a different manner. 

Jirs, B, Not so mu6h as you think ; for the more exercise you 

take, the more the body is stimulated, and requires recruiting. For 

this purpose, the circulation of the blood is quickened, the breath 

propoj^tionaliy accelerated, and consequently a greater quantity of 

;,«aloric evolved. 

Caroline. True ; after running very fast, I gasp for breath, my 
respiration is quick and hard, and it is just then that 1 begin to feel 
<hot. 

Emihf. It would seem, then, that violent exercise should produce 
•fever. 

Mr». B. Not if the person is in a good state of health ; for the 
a'lditional caloric is tlien carried off by the perspirattoo which sue- 
« ceeds. 

EmUif. What admirable, resources nature has provided for us*! 

By the production of animal heat she has enabled us to-keep up the 

• temperature of our bodies above that of inanimate objects ; and 

^'whenever this source becomes too abundant, the excess is cafried 

•ff by perspiration. 

Mrt, B. It is by the same law of nature that we are e«a]>ledf in 
all climates, and in all seasons, to preserve our bodies of an equal 
vtemperatare, or at least very nearly so. 

daroiine, Tou cannot mean to say that our bodies af^ of the 
^same temperature in summer, and in winter, in J)iDgland, and in tbe 
West Indies! 






A^^oant for it. We have seen nouQ, however, jto which insuperable 

1. objections may not be brought. We most,, therefore, at present 

he contented with attributing the production of aoiflial warmth to 

the energies of the vital principle ; leaving it to future generatioDS 

to determme and define its immediate cause.--rC. 



1416. What is the reason jpf heat in a fever? 

,1417. Why does exercise produce an increase of animallM^t? 

J 418. Why does nat violent exercise produce fevers? 

27 
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Mr». B. Yes, I do ; at least if yoa speak of the temperature of 

the blood, aod the internal parts of the body : for those which are 
immediately in contact with the atmosphere, such as the hands and 
face, will occasionally get warmer, or colder, than the internal or 
more sheltered parts. If you put the bulb of a thermometer in 
your mouth, which is the best way of ascertaining thereat tennpera- 
ture of your body, you will scarcely -perceive any difference in its 
indication, whatever may be the difference of temperature of the 
atmosphere. 

CarcfUne, And when I feel overcome by heat, I am really net 
hotter than when I am shivering with cold ? 

Mrs. B' When a person in health feels very hot, whether from 
internal heat, from violent exercise, or from the temperature of the 
atmosphere, bis body is certainly a little warmer thanwhen'be feels 
very cold ; but this difference is much smaller than our sensatioDs 
would make us believe; and the natural standard is soon restored 
by rest and by perspiration. It is chiefly the external parts that are 
warmer,. and I am sure you will be surprised to bear that the inter- 
nal temperature of the body scarcdy ever descends below ninety- 
five or ninety-six degrees, and seldom attains one hundred and four, 
or one hundred and five degrees, even in the-most violent fevers. 

Emily. The greater quantity x>f caloric, therefore, that we receive 
from the atmosphere in summer, cannot raise the temperature of 
our bodies beyond certain limits, as it does that of inanimate bodies, 
because an excess of caloric is carried off by perspiration. | 

Caroline, But the temperature of the atmosphere, and conse- 
quently, that of inanimate bodies, is surely never so high as that of 
animal heat. 

Jlfrf. B. I beg your pardon. In the East and West IndieSi and 
sometimes in the southern parts of Europe, the atmosphere is fre- 
quently above ninety-eight degrees, which is the common- tempera- 
ture of animal heat. Indeed, even in this countrv, it occasionally 
happens that the sun^s rays, setting full on an object, elevate its 
temperature above that point. 

In illustration of the power which our bodies have to resist (he 
effects of external beat, Sir Charles Blagden, with some other eea- 
tlemen, made several very curious experiments. He remained for 
some time in an oven heated to a temperature not much inferior to 
tHat of boiling water, without suffering any •other inconvenience than 
a profuse perspiration, which he supported by drinking plentifully. 

Emily* He could scarcely consider the perspiration as an inccMi- 
venien^e, since it saved him from being baked by giving rent to 
the excess of caloric. 

Caroline. I always thought, I confess^ that it was from the heat 
of the perspiration that we suffered in summer. 

Jtfr5. B. Tou now find that yoo are quite mistaken.-— W henerer 
evaporation takes place, cold, you know, is produced in conse- 
quence of a quantity of caloric being carried off in a -latent state; 



1419. Does the degree of animal heat vary with the change of 
-climate ? 

1430. How is it that the temperature of the body remains essen- 
tially the same in summer and winter, and in different climates ? 

4421. What experiment was m^ide by Sir Chak^les Blagden upon 
Vthia subject? » .r 
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this is^tbe case with perspiration, and it is in tbie waj that it ^ords / 
relief. It is ontbat account, also, that we are so apt to catch cold, » 
when ID a state of profuse perspiration. It is for the same reason 
that tea is most refreshing in summer, though it appears to heat you 
at the moment you drink it. 

Emily. And in winter, on the contrary, tea is pleasant on ac- 
count of its lieat 

Mrs. B. Yes ; for we have then rather to guard against a defi-/ 
ciency than an excess of caloric, and you do not find that tea will S 
excite perspiration in winter, unless after dancing, or any other 
violent exercise. 

Caroline, W hat is the reason that it is dangerous to eat ice after 
daneing, or to drink an? thin? cold when one is very hot I 

Mrs. B,> Because the loss o? heat arising from the perspiration, 
conjointly with the chill occasioned by the cold draught, produced \ 
more cold than can be borne with safety, unless you continue to use 
the same exercise after drinking that you did before ; for the heat 
occasioned by the exercise will counteract the effects of the cold 
drink, and the danger will be removed. You may, however, con- 
trary to the common notion, consider it as a rule, ih^i cold liquids 
may at all times be drunk with perfect safety, however hot you< 
may feel,* provided yon are not at the moment in a state of great 
perspiration, and on condition that you keep yourself in gentle ex- 
ercise afterwards. 

Emily. But since we are furnished with such resources against 
the extremes of heat and cold, I should have thought that all cli- 
mates would have been equally wholesome. 

Mrs. B. That is true, in a certain degree, in regard to those who 
have been accustomed to them from birth ; for we find that the na- 
tives of those climates, which we consider the most deleterious, are . 
as healthy as ourselves ; and if such climates are unwholesome to 
those who are habituated to a more moderate temperature, it is be- 
cause the animal economy does not easily accustom itself to con- 
siderable changes. 

Caroline. But, pray, Mrs. B., if the circulation preserves the body 
of an uniform temperature, how does it happen that animals are 
sometimes frozen ? 

Mrs B. Because, if more heat be carried off by the atmosphere 
than the circulation can supply, the cold will finally prevail, the 

* The common notion on this subject is certainly the most safe. 
A person heated, and almost exhausted by exercise on « hot daj^, 
ought never to drink any cold liquid, except in very small quanti- 
ties at a time. Not a summer passes but we hear of deaths by 
drinking cold water after violent exercise. — C. 

-"---■ • ■ ■ - 

1422. Why are we apt to take cold in » state of profuse perspira- 
tion P 

1423. Why is hot t^ refreshing in warm weather of summer ? 
14i4. Why js not a quantity of caloric carried off by the use of 

hot drink in wintef , as well as summer ? 

1425. Why is it dangmus to drink cold water when in a state 
of profuse perspiration r 

1426. If the circulation preserves the body of a uniform tempera- 
ture, how does it happen that animals are sometimes frozen ? 
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heart will cease to beat, and the animal will be frozen. And« like- 
wise, if the body remained long exposed to a decree of heat, greater 
than the perspiration could carry off, it would, at least, lose the 
power of resisting its destructive inflaence. 

Caroline. Fish, I suppose, have no animal heat, but onlj partake 
of the temperature of the water in which they live.* 

EmUi/. And their coldness, no doubt, proceeds from their not 
breathing f 

Jtfri. B. All kinds of fish breathe more or less, though in a much 
smaller degree than land animals. Nor are they entirely destitnte 
of animal heat, though, for the same reason, they are much colder 
than other creatures. They have comparatively but a very small 
quantity of blood, therefore but very little oxygen is required, and 
a proportionally small quantity of animal heat is generated. 

Caroline. But how can fish breathe under water ? 
' Jtfrf. B, I'hey breathe by means of the air which is dissolved in 
the water ; and if you put them into water, deprived of air by boil-- 
^ ing, they are soon suffocated. 

If a nsh is confined in a vessel of water closed from the air, it 
soon dies ; and any fish put in afterwards would be killed imme- 
diately, as all the air had been previously consumed. 

Caroline. Are there any species of animals that breathe more 
than we do ? 

Mrs, B. Yes ;' birdsj of all animals, breathe the greatest quantity 
of air in proportion to their size ; and it is to this that they are sap- 
posed to owe the peculiar firmness and strength of their muscles, by 
which they are enabled to support the Violent exertion of flying. 

This difference between birds and fish, which may be considered 
as the two extremes of the scale of muscular strength, is well worth 
observing. Birds, residing constantly with the atmosphere, sur- 
rounded by oxygen, and respiring in greater proportions than any 
other species of animals, are endowed with a greater degree of mus- 
/ calar strength, whilst the muscles of fish, on the contrary, are flac- 
cid and oily ; these animals are comparatively feeble in their mo- 
tions, and their temperature is scarcelv above that of the water in 
which they live. This is, in all probability, owing to their imper- 
fect respiration : the quantity of hydrogen and carbon, that is in 
consequence accumulated in their bodies, forms the oil which is so 

* Animals belonging to the order Cetae of Naturalists, thoug^h 
they inhabit the sea, breathe atmospheric air, and have hot, red 
blood. Tlfis order includes whales, dolphins^ narwals, &c.— C. 



1427. Why are fish colder than land animals ? 

1428. How can they breathe under water ? 

1429. How can it be proved that fish cannot live without air ? 

1430. What animals breathe the greatest quantity of air accord- 
ing to their size f 

1431. To what is the firmness and great strength of muscles in 
birds owing f 

1432. To what is the oily nature of fish and amphibious animals 
owing ? 
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stronglj characteristic of that species of aoimals, aDd which relaxes^' 

and Softens the small quantity of fibrioe which their muscles contain. | 

Caroline, But, Mrs. B., (here are some species of birds that fre- 

2uent both elements, as, for instance, ducks and other water fowl* 
^f what nature is the flesh of these ? 

JUrt, B. Such birds, in general, make but little use of their 
wing-s ; if thej fly, it is but feebly,, and only to .a short distance. — f 
Their flesh, too, partakes of the oil^ nature, and even in tas(e some- 
times resembles that of fish. This is the case not only with the 
rarious kinds of water fowls, but with all other amphibious animals, 
as the otter, the crocodile, the lizard, &;c. 

Carolif^, And what is the reason that reptiles are so deficient in 
muscularstrength } 

Jifri. B. It is because they usually live under ground, and seldom 
come into the atmosphere. They have imperfect, and sometimes 
DO discernible organs of respiration ; they partake, therefore, of the 
8oft||ily nature of fish; indeed many of them are amphibious, a9 
frogST toads, and snakes, and very few of them find any difficulty ia 
remaining a length ot time under water.''' Whilst, on the contrary, 
the insect tribe, that are so strong in proportion to their size, and 
alert in their motions, partake of the nature of birds, air being their 
peculiar element, and their organs of respiration being compara- 
tively larger than in other classes of animals. 

I nave now given you a short account of the principal animal 
functions. However interesting the subject may appear to you, a 
fuller investigation of it would, I fear, lead us too far from our ob- 
ject. 

Emily. Yet I shall not quit.it without much regret ; for of all the 
applications of chemistry, these appear to me the most curious and 
most interesting. 

Caroiine. But, Mrs. B., I roust remind you that you promised to 
give us some account of the nature of milk* 

Jifrs. B* True. There are several other animal productions that 
deserve likewise to be mentioned. We shall begin with milk, 
which is certainly the most important and the most interesting of 
all the animal secretions. 

Milk, like all other animal substances, ultimately yields by analy- > 
sis, oxygen, hydrogen, carbon, and nitrogeii. These are combined 
in it under the forms of albumen, gelatine, oil, and water. But milk 
contains, besides, a considerable portion of phosphat of lime, the 
purposes of which I have already pointed out. 

* Amphibious animab have the power of suspending respiration 
for a considerable time. It is in consequence of this, that they are 
enabled to live under water.— C. 



1433. What is the nature of the flesh of amphibious animals ? 

1434. Why are reptiles so deficient in muscular strength f 

1435. JSow are amphibioui animals enabled to remain a long time 
under water f 

1436. What are the ingredients of milk ? 

1437. Into what may milk be decomposed without any chemical 
assistance ? 

27» 
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Caroline. Yes ; it is this salt which seires to nonrish the tender 
bones of the suckling. 
/ Jtfr«. B. To reduce milk to its elements, would be a yery com- 
' plicated, as well as useless operation ; but this fluid, without any 
chemical assistance, may be decomposed into three parts, cream^ 
ewds^ and whey» These constituents of milk haye but a very slight 
affinity for each other,and you find accordingly that cream separates 
from milk by mere standing. It consists chiefly of oil, n'hich being 
> lighter than the other parts of the milk, gradually rises to the sur- 
face. It is of this, you know, that butter is made, which is nothing 
more than oxygenated cream. 

Caroline, Butter, then, is somewhat analagous to the waxy sub- 
stance formed by the oxygenation of vegetable oil. 

Mra. B. Very much so. 

Emily. But is the cream oxygenated by churning ? 

Mrs. B. Its oxygenation commences* previous to chnrniDg, 
merely by standing exposed to the atmosphere, from which i^»b* 
. ^rbs oxygen* The process is afterwards completed by cburnmg^ : 
the violent motion which this operation occiasions, brings ever^ par- 
ticle of cream in contact with the atmosphere, and thus facilitates 
its oxygenation. 

Caroline. But the effect of churning, 1 have often observed in the 
dairy, is to separate the cream into two substances, butter and hot- 
ter-milk. 

Jlfr«. B. That is to say, in proportion as the oily particles of the 
cream become oxygenated, they separate from the other constitn- 
ent parts of the cream in the form of butter. So by churning yoa 
prodnc^e, on the one hand, butter, or oxygenated oil ; and, on the 
other, butter-milk, or cream deprived of oil. But if you make but- 
ter by churning new milk instead of cream, the butter^milk will 
then be exactly similar in its properties to cream or skimmed milk. 

Caroline. Yet butter-milk is very different from common skim- 
med milk. 

Jtfrt. B. Because you know it is customary, in order to save time 
and labor, to make butter from cream alone. In this case, there- 
fore, the butter-milk is deprived of the creamed milk, which contains 
both the curd and whey. Besides, in consequence of the milk re- 
roeioing exposed to toe atmosphere during the separation of the 
cream, the latter becomes more or less acid, as well as the butter- 
milk which it yields in churning. 

Errnhf. Why should not the butter be equally acidified by oxyge- 
nation ? 

Mrs, B. Animal oil is not so easily acidified as the other ingredi- 
ents of milk. Butter, therefore, though usually made of sour cream, 
is not sour itself, because the oily part of the cream had not been 

* It is proper to mention that the oxygenation of cream, which ia 
taken for granted in the above theory, is a disputed fact.— C. 

■■• — ~ ■" - I ■ ..« 

1437. What causes the cream to rise on the top ? 

1438. What is the chemical name of butter? 

1439. Why does churning convert cream to butter.' 

1440. When separation takes place in the cream, why is the bu • 
ter-milk sour and the cream sweet f 
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acidified. Butter, howeirer, is sotceptible of becomiogf acid by an * 
excess of oxygen ; it is then said to be rancid, and produces the se- 
bacic acid, tbe same as that which is obtained from fat. 

Enuiy, If that be the case, might not rancid batter be sweetened 
bj mixinr with it some sabstance that would take the acid from it? 

Jlfrt. B. This idea has been suggested b? Sir H. Davj, who ' 
supposes, that if rancid butter were well washed in an alkaline so- ^ 
lution, the alkali would seps^rale the acid from the butter. 

Caroline* You said just now that creamed milk consisted of curd 
and whey. Pray how are these separated ? 

Jtf rt . B. They may be separated by standing for a certain length ■ 
of time exposed to the atmosphere ; but this decomposition majr be ' 
almost instantaneously effected by the chemical agency of a variety 
of substances. Alkalies, rennet,* and indeed almost all animal sub- 
stances, decompose milk by combining with the curds. 

Acids and spirijjpus liquors, on the other band, produce a decom- 
position by combiniog with tbe whey. In order, therefore, to ob- 
tain the whey pure, rennet or alkaline substances, must be used to 
attract the curds from it. 

But if it be wished to obtain tbe curds pure, the whey must be 1 
separated by acids, wine, or other spiritous liquors. 

Emily. This is a very usefel piece of information ; for 1 find 
white-wioe whey, which 1 sometimes take when I have a cold, ex- 
tremely heating ; now, if tbe whey were separated by means of an 
alkali instead of wine, it would not produce that effect. 

Art. j9. Perhaps not But i would strenuously advise you not 
to place too msch reliance on your slight chemical knowledge in 
medical matters. 1 do not know mby whey is not separated from 
curd by rennet, or by an alkali, A* tne purpose which vou mention, 
but I strongly suspect that there most be some good reason why 
the preparation by means of wine is generally preferred. I can, 
however, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wine ; it is by substituting lemon juice, 
a very small quantity of which will separate it from the curds. 

Whey, as an article of diet, is very wholesome, being remarkably 
light of digestion. But its effect, taken medicinally, is chiefly, I 
believe, toexcite perspiration, by being drunk warm on going to bed. 

Fromwhey a substance may be obtained in crystalstby evapora«> . 
tioni called tugar of milk. This substance is sweet to tbe taste, 
and in its composition is so analogous to common sug^r, that it is 
susceptible of undergoing tbe vinous fermentation. 

* Rennet is tbe name given to a watery infusion of the coats of 
the stomach of a sucking calf. Its remarkable efficacy in promot- 
ing coagulation is supposed to depend on the gastric juice with 
which it is impregnatea. 

1441. What causes butter to become rancid ? 
1443. How majT rancid butter be made sweet ? 

1443. How is milk from which the cream has been taken, decom- 
posed, or converted into curd or whev ? 

1444. Viow is pure whey obtained from milk ? 

1445. How is pure curd obtained from it ? 

1446. Why is whey as an article of diet, wholesome ? 

1447. How is tbe sugar of milk obtained ? 
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Caroline. Why then, is not wine, or alcohol, made from whey ? 

JUn. B, The quantity of sug^ar contained in milk is so trifliog, 
that it can hardly answer that purpose. I have heard of only one 
instance of its being used for the production of a spiritous liquor and 
this is by the Tartan Arabs : their abundance of horses, as well as 
their scarcity of fruits, has introduced the fermentation of mares' 
milk, by which they produce a liquor called koumii*. Whey is 
likewise susceptible of being acidified by combining with ozyg^en. 
from the atmosphere. It then produces the laelie ucid, which yon 
may recollect is classed with the animal acids, as the acid, of milk. 

Let us now see what are the properties of curds. 

Emily. I know that they are made into cheese ; but I bare heard 
that for that purpose they are separated from the whey, by the ren- 
net, and yet, this you hafe just told us, is not the metliod of ob- 
taining pure curds ? 

JlTrt. B. Nor are pure curds so well adapted \% the formation of 
cheese. For the nature and flairor of the cheese depend in a great 
measure, upon the cream or oily matter which is left in the curds ; 
80 that if erery particle of cream be remored from the curds, the 
cheese is scarcely eatable. Rich cheeses, such as Cream and Stil- 
ton cheeses, derive their excellence from the quantit^,^ as well as 
the quality of the cream that enters into their composition. 

Caroline. 1 had no idea that milk was such an interesting com* 
pound. In many respects there appears to me to be a very striking 
analogy between milk and the contents of an egg, both ia respeet 
to their nature and their use. They are, eaeh of them, composed 
of the various substances necessary for the nourishment of the 
young animal, and equally destined for that purpose. 

Jlfr«. B. There is, however, a fery essential difference. The 
young animal is formed as well as nourished, by the contents of the 
egg-shell ; whilst milk serves as nutriment to t|ie suckling, only af- 
ter it is bom. 

There are several peculiar anintal substances which do not en- 
ter into the general enumeration of animal compounds, and whichi 
however, deserve to be mentioned. 

Sparmaeeti is of this class ; it is a kind of oily substance obtained 
from the bead of the whale, which, however, must undergo a cer- 
tain preparation before it is in a fit state to be made into candles. 
It is not much more combustible than tallow, but it is pleaaanter to 
barn, as it is less fusible and less greasy. 

AtnbergrU is another substance derived from a species of whale. 
It is, however, seldom obtained from the animal itself, but is gener- 
ally found floating on the surface of the sea. 

IVcLXy you know, is a concrete oil, the peculiar product of the bee, 

Sart of the constituents of which may probably be derived from 
owers, but so prepared by the organs of the bee, and so mixed 
with its own substance, as to be decidedly an animal product. Bees* 
wax is naturally of a yellow color but it is bleached by long expo- 
sure to the atmosphere, or may be instantly whitened by the oxy- 
~ ~ ■ - - _^ 

1448. Do pure curds make good cheese f 
' 1449. On what does the quantity of cheese depend ? 

1450. From what is spermaceti obtained I 

1451. What is ambersris ? 
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muriatic acid. The combustion of wax is far more perfect than / 
that of tallow, aud consequently produces a greater quantity of light \ 
BUd heat. 

Lac is a substance rery similar to wax in the manner of its form- 
ation ; it is the product of an insect, which collects its ingredients ' 
from flowers, apparently for the purpose of protecting its eggs from 
injury. It is formed into cells, fabricated with as much skill as 
those of the hooey comb, but differently arranged. The principal 
use of lac is in the manufacture of sealipg-waz, and in makiog rar- 
nishes and lacquers. ^ 

J4usky civeiy and castor , are other particular productions, from 
different species of quadrupeds. The two first are very powerful 
perfumes ; the latter has a nauseous smell and taste,- and is only 
used medicinally. 

Caroline. Is it from this substance that castor oil is obtained ? 

Jdrs, B. No. Far from it, for castor oil is a yegetable oil, ex- . 
pressed from the seeds of a particular plant ; and has not the least 
resemblance to the medicinal substance obtained from the castor. 

Silk is a peculiar secretion of the silk worm, with which it builds x 
its nest or cocoon. This insect was originally brou^fht to Europe 
from China. Silk in its chemical nature, is very simiUr to the 
bair and wool of animals ; whilst in the insect it is a fluid, which is 
Coagulated, apparently by uniting with oxjrgen as soon as it comes 
in contact witn the air. The moth of the silk- worm ejects a liquor 
which appears to contain a peculiar acid, called bombiCj the proper- 
ties of which are but very little known. 

Emily, Before we conclude the subject of the animal economy, 
shall we not learn by what steps dead animals return to their ele- 
mentary state ? 

J(fr9. B, AnimaF matter, although the most complicated of all 
natural substances, returns to its elementary state by one single 
spontaneous process, the putrid fermentation' By this, the albu- 
men, fibrine, &c. are slowly reduced to the state of oxygen, hydro- 
gen, nitrogen and carbon ; and thus the circle of changes through 
which these principles have passed is finally completed. They first 
quitted their elementary form, or their combination with unorgan- 
ized matter, to enter into the vegetable system. Hence they were 
transmitted to the animal kingdom ; and from this they return again 
to their primitive simplicity, soon to re-enter the sphere of organ- 
ized existence. 

When all the circumstances necessary to produce fermentation 
do not take place, animal, like vegetable matter, is liable to a par- 
tial or imperfect decomposition, which converts it into a combusti- 
ble substance very like spermaceti I dare say that Caroline, who 
is so fond of analogies, will consider this a kind of animal bitumen. 

Caroline* And why should 1 not, since the processes which pro- 
duce these substances are so similar ? 

Jlfr«. B, There is, however, one considerable difierence ; the state 
of bitumen seems permanent, whilst that of animal substances, thus 
imperfectly decomposed, is only transient ; and unless precautions 
be taken to preserve them in tliat state, a total dissolution infallibly 

1452. How does wax compare with tallow for combustion f 

1453. What is lac? 

1454. What account could you give of silk ? 

1455. How does dead animal matter return to its original state f 
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ensues. This circumstaoce, of the occasional conrersion of animal 
matter into a kind of spermaceti', is of late discovery. A manufac- 
tore has in consequence been established near Bristol, in whicti, by 
exposing^ the carcasses of horses and other animals for a leDgfih of 
time under water, the muscular parts are cohyerted into this sper- 
maceti-like substance. The bones afterwards undergo a cli£Rereot 
process to produce hartshorn, or, more properly ammonia, and phos- 
phorus ; and the skin is prepared for leather. 

Thus art contriyes to efflarge the sphere of useful purposes, for 
which the elements were intended by nature ; and the productions- 
of the seyeral kingdoms are frequently arrested in their course, and 
variously modified, by human skill, which compels them to eontri-- 
bute, under new forms, to the necesbities or luxuries of man. 

But all that we enjoy, whether produced by*the spontaneous ope> 
rations of nature or the ingenious efforts of art, proceed alike from 
the goodness of Providence. — To God alone man owes the admira- 
ble faculties which enable him to improve and modify the produc-' 
tiom of nature, no less than those productions themselves. In con- 
templating the works of the creation, or studying the inventions of 
art, let us, thererefore, never forget the Divine Source from which 
they proceed ; and thus every acquisition of knowledge irill> prove 
a lesson of piety and virtue. 



^DESCRIPTION OF TH£ APHLOGISTIC, OH FLAMELESS 

LAMP. 






BT DR. J. L. COM8TOCK, OV HARTFORD. 

Aphlogistic, or Flameless Lamp. In the con- 

struction of this 
Lamp, the ob- 
ject is to keep a 
coil of wire in a 
state of ignition, 
without either 
fl>artie or smoke. 
The principle 
on whicb it is 
constructed, I 
believe, was first 
discovered by 
Sir H. Davy. 
He foaod that 
on heating the 
end of a piece of 
p^inawire red 
hot, and instant- 

Th« Coil of Platioa wire. B. The gl»u tube cooUi„ipj th, Jy holdiuff it 
1 M Lanp compleU. D. Th« tube lor charrinr. ^i ^« 

' near the sur&ce 




1456. What manufacture is it mentioned has recentlv been form- 
in Rriatnl ? * -^ 



ed in Bristol ? 
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of some elhiri placed in a wine glass, the wire was kept at a red 
heat as long as the experiment was contiDued. 

Whether Sir Humphrey pursued the subject any further, 1 am 
not informed. It is most probable, however, that he did not, as it 
is statedin a London-paper of the last year, that Prof. Ure of Glas- 
gow, had determined the circumstances which modify the perform- 
ance of thelamp« aodthat one constructed by hirawas in full opera- 
tion in that city (London) and had excited much public curiosity. 
This notice contained some directions, concerning the size of the 
wire, to b# used, and the manner of coiling it. I have however seen 
no description of this lamp which would enable one readily to con- 
stract it. The following may therefore, interest such readers, .as 
have seen an account of so curious a discovery. 

The principle on which tbe,apbIogisiic lamp is constructed in- 
volves two conditions, which are absolutely requisite, viz. that we 
make use of a combustible substance which evaporates at a low de- 
gree of heat, and a metal which. is a bad conductor of caloric. For 
the combustible, alcohol seems best suited fo this purpose. Sulphite 
riccth er, aside from its high price, and disagreeable smell, I have 
sometimes found to fail ; the ignition ceasing without any obvious 
cause. 

In regard to the metal, gold and silver, both fail in consequence 
of the rapiditjT with which they conduct caloric. Silver, too, would 
soon be destroyed by the intense heat. Iron, although so bad a con- 
ductor, as to remain ignited for a time, soon fails, being converted 
into red oxide. Platina seems to be the only metal adapted to our 
purpose, being a slow conductor of caloric, and not easily oxidated 
at the highest temperatures. 

This is to be drawn iotoivire of 56rl000 or 60-1000 of an inch in 
diameter, being about the size of card, or brass wire, No. 26. Ex- 

ferience has shown that this size succeeds better than any other.—- 
f larger, the heat is carried off too fast, and the ignition ceases. If 
much finer, it does not retain sufficient beat at the lower part of the 
coil to keep up the evaporation of the alcohol from the wick. 

The coihng of the wH'e,*and the adjustment of the wiek, are the 
•most difficult parts of the-coostruction. 

The coil, A. ^g* !• page 3^, is made by winding the wire round 
a piece of wood, cut of the proper size and shape. The size is de- 
termined by the bore of the glass tube, allowing for the diameter of 
the wire. The shape is plane cylindrical in that part which enters 
the tube ; and slightly conical where it projects above the tabe, as 
seen in. the figure* (1 believe this is the best shape, though I have 
succeeded as well when the coil was of the same shape throughout.] 

In winding the coil, it is best that the turns of the wire should 
come in contact. Afterwards it is lohe gently extended, so as to 
leave the tujmsas nearly as possible to each other, without touching. 

The diameter of the coil is about one sixth of an inch where it en- 
ters the tube. - Its 'length half aninch, or a little less, containing 
' from twenty to thirty turns of the wire. The iMiojection above the 
tube is about one hsJf the length. 

B. Fig.^1* is a glass tube« containing a cotton wick, which hyca^ 

ntllary attraction carries the alcohol up to the platina coil. 'The 

dengtb of this is arbitrary, being from one to three or fow^inohes.-- 

The bore is about thoaixth of an inch, so as bareW to admit'^thAooil. 

cTbe wick, consisting of eight or ten threads, is first dniwn tbicoagh 
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the tube, and then inlrodaced about half way into the coil, so as to 
come eyen with the top of the tube. This requireavery nice adjast- 
ment. If the wick is too high, the wire is rapidly cooled by the al- 
cohol, and ignition ceases in a few moments. If too low, the evap- 
oration by the heat of the wire is insufficient. If, ho«reyer« the 
other parts are well constructed, a few trials will ensure success. 

Fig. 2. shows the lamp complete. The body of it is a low rial or 
inkstand, capable of holding about two ounces of alcohol. It is 
stopped accurately with a cork, which is.coTered for ornaraent, 
with tin foil. The aperture for admitting the tube and wick, is made 
with d hot iron. 

D. is a small tube through which the alcohol is poured. A drop- 
ping tube is convenient for this purpose, but a small funnel is easily 
made by cutting off an inch of the neck of a broken retort, into 
which is pushed a cork, and through this a small quill. Another 
orifice still, for letting off the air, as the alcohol goes in, may be 
made through the cork. The orifices, of course, are to be stopped, 
to prevent evaporation, after the lamp is charged. 

When the lamp.is completed and charged, tpe alcohol is inflamed 
by holding the coil in the blaze of a candle. After letting it bum for 
a few minutes, the flame is blown out, when if every thing is properly 
adjusted, the wire will continue red hot until the alcohol is exbausteq. 

The explanation why the ignition of the wire is pefmanent, seems 
to be sufficiently simple. Alcohol, when in the state of vapour, (x)m- 
bines with oxygen with great facility. The temperature of the wire 
is first raised by the flame of the candle to about 600 degrees, Fah- 
renheit. This degree of heat is such as to effect the combustion of 
the alcohol with the oxygen of the atmosphere. When this is once 
effected, the caloric extricated by the combustion of the alcohol, is 
sufficient to keep the coil at a red heat, which again is the tempera- 
ture at which the alcohol is combustifole, so that one portion of alco- 
hol by the absorption of oxygen, and the consequent extrication of 
heat, lays the foundation for the combustion of another portion ; and 
as the alcoht)! rises in a constant stream, so the effect is constant. 
The stream of vapour is much increased by the heat of the lower 
part of the coil, where it embraces the wick, and the temperature 
of the alcohol is increased before it reaches the part of the coU 
where combustion is effected. - Sometimes the last, or upper tura of 
the wire only is kept fed hot. 

This lamp, thou^ one of the moat curious inventions of tbe age, 
is not merely a cariosity. 'The facili^ and certainty with which by 
means of a match, a light msnr be obtained from it, constitutes Us 
utility. The proper mttches for this purpose are prepared by dip- 
ping the common brimstone matches into a paste made by mixing 
two parts of white sug^r with one part of chlorate (ozy mttriat)«f 
potash. The red French matches are ef this kind, and answer the 
purpose completely. 

In cases where a' light might be waoted, bnta constant one woqM 
be offensive, this lamp might be a great convenience ; a light being 
immediately obtained by merely tonehiog a match to the platioa 
ootl, and then to the wick of the eandle. Physicians or others- who 
are liable to be called up in the night would also find it conTeftient. 

The aphloristic lamp, with the proper matches, may he obtained 
♦t Mr. Charles Hosroer's YjiHety S«»re, in thiaCity. 



I 



A VOCABULARY 

OF 

CHEMICAL TERMS 



A. 

Acetates. Compounds formed by the combination of a base with acetic acid. 
Acids. Compounds formed by the combination of oxygen with certain e\^ 

mentary btnlies, formmg in general,, a class of substances which are sour 

to the taste, and which unite with alkalies and metallic oxyds to form salts. 
Acidules. Substances formed by the natural combination of some acids 

with a quantity of pntash. 1 he oxalic and tartaric acids are examples. 
Aeriform fluids. Elastic fluids. Atmospheric air, and the gases are of this 

kind. Their aeriform state is owing to the caloric with which their bases 

are combined. 
Affinity^ chemical. A term used to express that peculiar propensity which 

substances of different kinds have to unite with each other, as acids and 

alkalies, Sec. 
" oj' aggregation. That force is so called by which substances of the 

same kind tend to unite, without changing their qualities. 

oj' composition. That force by wnich substances of different kinds 



combine, and form a third, which differs from either of the two first, be* 
fore the combination. Thus muriatic acid and soda form common salt. 

Albumen. Coaguiable lymph. It is contained in animal substances, as the 
serum of the blood. The white of eggs is albumen. 

Alcohol. Rectified spirit of wioe. It is always the same, from whatever 
kind of spirit it is distilled. 

Alkalies. Peculiar substances which have a caustic burning taste, and a 
strong tendency to combination, particularly with acids, anawith water. 

Alloys. A combination of any two metals, except mercury. Brass is an 
alloy of copper and zinc. 

AmeUgam. A mixture of mercury with any other metal. 

Analysis. Separation of the constituent parts of compounds, for the par- 
pose of detecting their composition. This is done by re-agents. 

Annealmg Renderiug substances tough, which before were brittle. TIm 
metals are annealed by heating them red hot, and then cooling them 
gradually. 

Arseniates. Salts formed by the combination of a base with the anenic acid* 

Azote. This name is given by the French chemists to nitrogen^ which see. 

B« 

SeUsams. Resinous, semi-fluid substances, which are obtained from certain 

trees by making incisions. 
Barometer, An mstrument which indicates the variations of the pressuve 

of the atmosphere, as thermometers do of heat and cold. 
SoH. A term used by chemists to denote the substance to which an aoid 

is united to form a salt. Thus soda is the base of common salt. 
BenMoates, Salts formed by the union of the benzoic acid with a bade. 
Blmo-pipe, An inatrumejnt to increase and diract the flame of a lamp for 

the anajysb of minerals, and for other chemical purposes. 
BoraUs, Saltsformed by the combination of any base with theacid of borax. 

c. 

-Qileareottt. A chemical term formerly applied to describe chalk, marbl* 
and all other oombtnationa of lime with carbonic acid. 

38 
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Calcination. The applieation of heat to saline, metallic, or other snbstan* 
ces ; so regulated as to deprive them of moisture, &c. and yet preserve 
them in a pulverulent form. 
Caloric, The chemical teem for the matter of heat. 

free. Is caloric in a separate state, or, if attached to other eusbtan- 
ces, not chemically united with them. 

latent. Is the term made use of to express that portion of caloric 



which IS chemically united to any substance, so as to become a^yaWof 
the said uubstance. 

Calorimeter. An instrument for ascertaining the quantity of caloric disen- 
gaged from any substance that may be the object of experiment. 

Calx An old term made use of to describe a metallic oxide. 

Camphoraies. Saks formed by the combination of any base with the cam- 
phoric acid. 

Capillary. A term usually applied to the rise of sap in Tegetables, or the 
rise of any fluid in very small tubes ; owing to a peculiar kind of attrac- 
tion, called capillary attraction. 

Carbon. The basis of charcoal. 

Carbonates. Salts formed by the combination of any base with carbonic acid. 

Carburets. Compound substances, of which carbon forms one of the con- 
stituent parts. Thus plumbago, which is composed of carbon andiron, 
is called carburet of iron. 

Causticity. That quality in certain substances by which they bom or cor- 
rode animal bodies to which they are applied. It is best explained by the 
doctrine of chemical affinity. 

Chalybeate. A term descriptive of those mineral waters which are impr^ 
nated with iron. 

Oiarcoal. Wood burnt in qlose vessels : it is an oxide of carbon, and gen* 
erally contains a small portion of salts and earth. Its carbonaceous mat- 
ter may be converted by combustion into carbonic acid gas. 

Chlorine. A name lately given to the substance usually called oxy-muriatie 
acid. Its compounds are called by the name of their bases with the end- 
ing of ane. As phosphorane, sulphurane, &c. 

Chromflies. Saks formed by the combination of any base with the chromic 
acid. 

Citrates. Salts formed by the combination of any base with citric acid. 

Coal. A term applied to the residuum of any dry distillation of animal or 
vegetable matters. 

Cohesion. A force inherent in all the particles of all substances, excepting 
light and caloric, which prevents bodies from falling in pieces. 

C»lunU^ates. $allB formed by the combination of any base with the colani- 
bic acid* 

CfombintUion. A term expressive of a true chemical union of two or mora 
substances ; in oppQsition to mere mechanical roi;ct«re. 

Combustibles. Certain substances which are capable of combining more or 
less rabidly with oxygen. They are divided by chemists into aimple and 
compound combustibles. 

Combustion. The act of absorption of oxygen by combnstible boflies from 
atmospbericor vital air. The word decombuation is sometimes uschI by 
the French writers to signify the opposite operation. 

Crucibles. Vessi^ls of indispensable use in chemistry in the varions opera* 
tions effusion by heat. They are made of baked earthy or metal, in the 
form of an inverted cone. 

Orystallixatifm. An operation of nature, in which various earths, salts, 
and metallic substances, paPs fV-om a fluid to a solid state^ assuming cer- 
tain determinate geometrical figures. 

Oystalligaiumy water qf. That portion which is combinedl with salt* in the- 
act of crys|.iUlizing, and becomes a component part of the sai4. sal!i|« sub- 
stances. 

Cupel. A vessel made of calcined IxMies, mixed with a small proportion of 
clay and water, it is used wfaen^er ffold and silver are renneat hj mdt- 
iog them with lead. The proeeas is culied capellation. 
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Decomposition, The separation of the constituent principles of compound 
bodies by chemical means. 

Deflagration. The vivid combustion that is produced whenever nitre, mix- 
ed with an inflammable substance, is exposed to a red heat. It may be at- 
tributed to the extrication of oxygen from the nitre, and its 'being trans- 
ferred to the inflammable body ; as any of the nitrates or oxygenized mu- 
riates will produce the same effect. 

Deliquescence of solid saline bodiesy signifies their becoming moist, or liquid, 
by means of water which they absorb from the atmosphere in conseqaence 
of their great attrftctions for that fluid. 

Deoxidize, (formerly deoxidate.) To deprive a body of oxygen. 

Deoxidizement. A term made use of to express that operation by which one 
substance deprives another substance of its oxygen, it is called unburn- 
ing a body, by the French chemists. 

Detonation. An explosion with noise. It is most commonly applied to the 
explosion of nitre, when thrown upon heated charcoal. 

Digestion. The effect produced by the continued soaking of a solid sob- 
stance in a liquid, with the application of heat. 

Digester^ Papin's. An apparatus for reducing animal or vegetable substan- 
ces to a pulp or jelly expeditiously. 

Distillation. A process for separating the volatile parts of a substance froQi . 
the more fixed, and preserving them both in a state of separation. 

Ductility/. A quality of certain bodies, in consequence of which they may 
be drawn out to a cel'tain length, without fracture. 

Dulcification. The combination of mineral acids with alcohol. Thus we 
have dulcified spirit of nitre, dulcified spirit of vitriol, &,c. 

E. 

KdtUcoration, Expressive of the purification of a substance by wadiing with 
water. 

Effhrffesoence. An intestine motion which takes place in certain bodies^ oc- 
casioned by the sudden eecapn of a {gaseous substance. 

Ejffiorescence. A term commonly applied totliose siiline crystals which be- 
come pulverulent on exposure to the air, in conseqnence of the loss of a 
part of the water of crystallization. 

Elasticiiy. A force in bodies, by which they endeavour to restore themselves 
to the posture from whence they were displaced by an external force. 

Elastic jUdds. A name sometimes given to vapour!^ and gases. Vapour in 
called an elastic fluid ; gas, a permanently elastic fluidi 

Elective Attractions. A term used by Bergmann and others to designate 
what we now express by the words chemical affinity. When chemists 
first observed the power which one compound substance has to decompose 
another, it was imagined tiiat the minute particles of some bodies had a 
preference for some other particular bodies ; hence this property of mat- 
ter acquired the term elective attraction. 

Elements. The simple, constituent parts €>f bodies which are incapable of 
decomposition; they are frequently called principles. 

Empyreuma. A peculiar and inde>cnbably disagreeable smell, arising from 
the burning of animal and vegetable matter in close vessels. 

Ethers. Volatile liquids formed by the distillation of some of the acids with 
alcohol. 

Evaporation. The conversion of fluids into vapour by heat. This appears 
to be (lothing more than a gradual solution of the aqueous particles in at- 
mospheric air, owing to the chemical attraction of the latter for water. 

Eudiometer. An instrument invented by L)r. Priestley for determining the 
purity of any given portion of atmospheric air. The science of investiga- 
ting the different kinds of gases is called eudiometry. 

F. 

fermentation, A peculiar spontaneous motion which takes place in all vege- 
table matter, when exposed for ascertain time to a proper degree of tem- 
perature. 
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Fibrine. That white fibrous aubcf ance which is left after fireely ^"^™S *^ 
coagulum of the blood, and which chiefly composes the muscular fibre- 

FUruiers. In chemical language, are solid, dry substances, reduced to a pow- 
der by sublimation. Tlius we have flowers of arsenic, sal. ammoniac, of 
sulphur, &c. which are arsenic, sal. ammoniac, and sulphur, unaltered ex- 
cept in appearance. 

Ffuaies. Salts formed by the combination of any base with fluoric acid. 

Fluidity. A terra applied to all liquid substances. Solids are converted to 
fluids by combining with a certain portion of caloric. 

¥%U!r. A substance whicli is mixed with metallic ore, or other bodiea, to 
promote their fusion ; as an alkali is mixed with silex in order to forni glass. 

FkUmination. Thundering, or explosion with noise. We have fulmiaating 
silver, fulminating gold, and other fulminating powders, which explode 
with a loud report by friction, or when slightly heated. 

fhision. The state of a body which was solid m the temperature of the at- 
mosphere, and is now rendered fluid by the artificial application of heat. 

Gallaies. Salts formed by the combination of any base with gallic acid. 

Galvanism. A new science which ofiers a variety of phenomena, resulting 
from different conductors of electricity placed ^in different circumstances 
of contact ; particularly the nerves of the animal body. - a a u 

Gas. All solid substances when converted into permanently elastic fluids by 
caloric, arc called gases. 

Gaseous. Having the nature and properties of gas. . 

Gasometer. A name given to a variety of utensils and apparatus contrived to 
measure, collect, preserve, oi^mix the different gases. An apparatus of this 
kind is also used for the purpose of administering pneumatic medicines. 

Gelatine. A chemical term for animal jelly. It exists particularly in the ten- 
dons and the skin of animals. • r * 

Gluten. A vegetable substance somewhat similar to animal gelatine. It is 
the gluten of wheat flour which gives it the properly of making good 
bread, and adhesive paste. Other grain contains a m»oh !«» quantity or 
this nutritious subetance. ,^ 

Grain. The smallest weight made use of by chemical writers. Twenty grains 
saake a scruple : 3 scruples a drachm ; 8 drachms, or 480 grains make an 
ounce ; 12 ounces, or 5760 grains, a pound troy. The avoirdupois pound 
contains 7000 grains. 

'Granulation. The operation of pouring a melted metal into water, in order 
to divide it into sm:ill particles for chemical purposes. Tin is thus graaa- 
lated by the dyers before it is dissolved in the proper acid. 

Gravity, specijic. This differs from absolute gravity in as much as it is the 
weight of a given measure of any solid or fluid body, compared -with the 
same measure of distilled water. It is generally exp'ressedby decimals. 

'Gums. Mucilaginous exudations from certain trees. Gum consists of lime, 
carbon, oxygen, hydrogen, and nitrogen, with a little phosphoric acid. 

Heat, matter of. See Caloric. 

Hermetically. A term applied to the closing of the orifice of a glass tube^ so 
as to render it air-tight. Hermes, or Mercury, was formerly supposed to 
have been the inventor of Chemistry ; hence a tube which was closed for 
chemical purposes, was said to be Hermetically or chemically sealed. It 
is usually done by melting the end of the tube by means of a blowpipe. 

Hydrogen. A simple substance ; one of the constituent parts of water. 

gas. Solid hydrogen united with a large portion of caloric. It is 

the lightest of all the known gases. Hence it is used to inflate balloons: 
It was formerly called inflammable air. 

Hydro-Carbonates Combinations of carbon with hydrogen are described by 
this term. Hydro-carbonate gas is procured fi'om moistened charcoal by 
distillatioti. 

Hydrogenized sulfrknrets. Certain bases combined with sulphuretted bydre- 
gen. 

HydrO'Oxidet, Metallic oxides combined with water. 
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Hydrometera. Instruments for ascertaining^ the speeifio gravity of spiritous 

liquors or other fluids. 
HygiomelerB. Instruments for ascertaining the degree of moistui'e in at- 

mosjiheric air. 
Hypcroxygenized A terra applied to substances which are combined with 

the largest possible quantity 6f oxygen. We have muriatic acid, oxygeni- 

zed muriatic acid, and hypei-oxygenized muriatic acid. The latter can 

be exhibited only in combination. 

I. 

Jiiflatttnation. A phenomenon whioli takes place on mixing certain sub- 
stances. The mixture of oil of turpentine with strong nitrous acid is an 
instance of this peculiar chemical enect. 

Infitsion. A simple operation to procure the salts, juices, and other virtues 
of vegetables by means of water. 

IntetineiUatea. A tenn made use of when speaking of chemical affinity. Oil - 
for example, has no affinity for water, unless it be previously combined 
with an alkali , it then becomes soap, and the alkali is said to be the anter- 
medinm which occasions the union. 

K. 

KaH, A genus of marine plants which is burnt to procure mineral alkali 
by afterwards lixiviating tlie ashes. 

L. 

Itaboratory. A room fitted up with apparatus for the performance of chem- 
ical operations. 

f lactates. Salts formed by the combination of any base With lactic acid. 

JLakeff. Certain colours made by combining the colouring matter of cochineal 
or of cerUun vegetables, with pure alunnne, or with oxide of tin, zinc, &c. 

Isumpy Argand's. A kind of lamp much used for chemical experiments. U 
is made on the principle of a wind furnace, and thus produces a great de- 
gree of light and heat without smoke. 

X<?/w. A glass, convex on both sides, for concentrating the rays of the sun. 
ft is employed by chemists in fusing refractory substances which .«annot 
be operated on by an ordinary degree of heat. 

JLevigation. The grinding down of hard substances to an impalpable p3W- 
der on a stone with a muller,'or in a mill adapted to the purpose. 

JAtharge. An oxide of lead which appears in a state of vitrification. It is 
formed in the process of separating silver from lead. 

JUxiyiation. The solution of .an alkali or a salt in water, or in some other 
fluid, in order to form a lixivium. 

Lixivium. A flui<l impregnated wi\h an alkali or with a salt. 

JLute. A composition for closing the junctures of chemical vessels to pn*. 
vent the escape of gas or vapour in distillation. 

M. 

Macei*ation. The steeping of a solid body in a fluid, in otxier to soften it, 

without impregnating the fluid. 
Malatea. Saks formed by the combination of any base with malic acid. 
Malleability. That property of ntetals which gtves them the capacity of 

being" extended and flattened by hammering. It is probably occasioned 

by latent caloric. 
Maaricot, A name given to the yellow oxide of lead, as minium is applied 

to the red oxide. 
Matraaa. Another name for a bolt head. 
Menatruum. The fluid in which tuaolid body is dissolved. Thus water is a 

menstruum forsalts, gums, &c. and spirit of wine for resins. 
Metallic Oxidea. Metals ,eomhiried with oxygen. By this process they are 

jjenerally reduced lo a pulverulent form ; are changed from combustible to 

incombustible substances ; and i*eceive the property of being soluble in 

acids. 
Mineral, Any natural substance of a metallic, earthy, or saline nature, 

whether simple or eompouud, is deemed a miueral. 

28* 
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JUineralixert. Those substHnees which are combioed with metals in th«r 
ores : such ai'^ sulphur, arsfiiic, oxygen, carbonic acid, face. 

JiUneralogy. The scietice of fossils and roineiiils. 

<Mineral If'aters, Waters which holtl some metal, earth, or salt^ in eola- 
tion. Tiiey are frequently termed iMedioinal Waters. 

Jliolt/hdiates. Salts formed by tlie combination of any base with the molyb- 
diciicid. 

Jtiordants. Substances which have a chemical affinity for particular ctA' 
ours ; they ai-e employed by dyers as a bond to unite the colour with the 
cloth intended to be dyed. Alum is of this cIhss. 

Jiiucilai^e. A glutinous maCtei* obtained from vegetables, ti^ansparent and 
tasteless, soluble in water, but not in spirit of wine. It chiefly consists of 
carbon and hydrogen, with a little oxygen. 

JHunites, Sails formed by the combination of any base with Uie mucous aeid. 

Muffle. A semi-cylindrical uteiisil, resembling the tilt of a boat, made of 
baked clay : its use is that of a cover to cupels in the assay furnace, to 
prevent the charcoal from failing upon the metal, or whatever is the sub- 
ject of experiment 

MunateB. Salts formed by the combination of any base with rauriatie aeid. 

• N. 

Matron. One of the names for mineral alkali, or soda. 

J^eutralize. When two or more substances mutually disguise each oth^s 
properties, they are said to neutralize one another. 

JVeu/ral Salt. A substance formed by the union of an acid with an alkali, 
an earth, or a metallic oxide, in such proportions as to saturate both the 
base and the i cid. 

^trates. Salts formed by the combination of any base wkh nitric acid. 

J^troq-en. A simple substance, by the French chemists called azote. It 
enters into a variety of compounds, and forms more than tliree parts in 
four of atn)Ospheric air. 0« 

-Ochres. Various conibination8.of tlie earths with oxide, or carbonate of iron. 

Ores. Metallic earths, which frequently contain several extraneous mat- 
ters ; such as sulphur, arsenic, See. ^ 

Oxalates. Salts formed by the combination of any base with oxalic aeid. 

Oxide. Any substance combined with oxygen, in a proportion not sufficient 
to produce acidity. 

-Oxidize. To combine oxygen with a body without producing acidity. 

Xkcidizement The operation by which any substance is combined with ox- 
ygen, in a degree not sufficient to produce acidity. 

Oxygen. A simple substance composing the greatest part of water, and 
part of atmospheric air. 

•-^as. Oxygen converted to a gaseous state by caloric. It is also 
called vital air. It forms nearly one fourth of atmospheric air. 

Oxygenize. To acidify a substance by oxygen. Synonymous with oxygen* 
ate ; but the former is the better term. 

Oxygenizement. The production of acidity by oxygen. 

mt » 

^eViele, A thin skin which forms on the surface of saline solutions and oth- 
er liquors, when boiled down to a certain strength. 

Phlogiston. Ao old chemical name for an imaginary substance, supposed to 
be a combination of fire with some other matter, and a constituent part of 
all inflammable bodies, and of many other substances. 

'JPhcfiphates. Salts formed by the combination of any base withphosphorie 
acid. 

"Phoslihites. Salts formed by the combination of any base with phosphorous 
acid. 

Phosphnrets. Substances formed by an union with phosphorus. Thus wo 
have phosphuret of lime, phosphuretted hydrogen, &c. 

Plumbagv. Carburet of iron, orthe black lead of commerce. 

Pneumatic. Any thing relating to the aira and gasses. 

. trmgh. A vessel filled in part with wattT or mercury, for the pur- 
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pose of collecting ga^es, so that tliey may be readily removed from ene 
vessel toanolher. 

Precipitate. Any matter which, havlnp; been dissolved in a flui4l, fall^ to 
the bottom of Uie vessel, on ihe addition of some other substance capHble 
of producing a decomposition of tiie conipouiKl, in consequence of its at- 
traction either for the menstruum or for the matter which was before 
held in solution. 

JPrecipitation. That chemical proeesp by which J>odies dissolved, mixed, 
or suspended in a flui«l, are separated ftxim that fluid, and made to gravi« 
tate to the bottom of the vessel. 

JPrussiates. baits formed by the combination of any base with prussic acid. 

JPvtrefaciion. The last fermentative process of nature, by ^vhich oi'g^anized 
bo(hes are decompcsed so as to separate their principles, for the purpose 
of reuniting them by future attractions, in the production of new coropo* 
sitions. 

IHfrites. An abundant mineral found on the Etiglish coasts, ami elsewhere. 
Some are sulphui-etsof iron, and others suiphyrets of copper, with a por- 
tion of alunUne ai^ silex. The former are worked for the sake of the sul- 
phur, and the lattd'for sulphur and copper. They are also called Mar- 
casites and Fii*e-stone. 

.-*• martial. That species of pyrites which contains iron for its bana. 

See a full account of these minerals in Henckel's Pyritologia. 

Pyrftmeter. An instrument invented by Mr. Wedgwood for ascertaining 
the degrees of heat in furnaces and intense fires, ^ee Philosophical tran- 
sactions, vol. Ixii. and Ixiv. and Chen^ical Ca'«.ech. 

Pyrophori. Compound substances which heat of themselves, and take fire on 
the admission of atmospheric air. See an account of a variety of experi- 
ments with these compositions in Wiegleb^s Chemistry, quarto, p. 622, &o» 

Q. 

Qitartz. A name given to a variety of siliceous earths, mixed with a small 
portion of lime'dr alumine. Mr. Kirwan confines the term to the purer 
kind of silex. Buck crystal and the amethyst are species of quartz. 

R. 

Itadicals. A chemical term for the Elements of bo^Jies ; wliich see. 

- . ■ compound. When the base of an acid is composed of two or more 

substances, it is said that the acid is formed of a compound radical. The 

sulphuric acid is formed with a simple radicMl ; but the vegetalile acids, 

which have radicals composed of hydiiQgen and carbon, are aaid to be acids 

with comiK)und radicals. 
Reageiits. Sub.stances which are added to mineral waters or other liquids 

as tests to discover their nature and composition. 
Receivers. Globular glass vessels adapted to retorts for the purpose of pre- 

serving and condensing the volatile matter raised in distillation. 
Recffjicationf is nothing more than the re-distiMrngaliquid to render it more 

pnrej or more concentrated, by abstracting a part of it only. 
'Reduction. The restoration of metallic oxidts to their original state of rae- 

tsds ; which is usually effected by means ot chaixoal and fluxes. 
Refining: The process of sej>arating the perfect metals from other metallie 

substances by what is called cupeilation. 
Refrigeratory, A contrivance of any kind, which, by containin|^ cold water^ 

jmswers the pur|)Ose of condensing the vapour or gas that arises in distil- 
lation. A worm-tub is a refrigei-atoi-y. 
Regtdus. In its chemical acceptation, signifies a pure metallic substanoCt 

free<l from all extraneous matters. 
Repulmon. A principle whereby the particieB of bodies are prevented from 

coming in actual contact. It is thought to be owing to caloric^ which haa 

been called the repulsive power. 
Resins. Vegetable juices concreteil by evaporation either spontaneously or 

by fire. Their character is solubility in alcohol, and not in water. It seems 

•that they owe their solidity chiefly to their union with oxygen. 
Retort. A vessel in the shape of a peitr^ with its neck beat downwards, utr 
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fd in distillation ; the extremity of which neok fits into that of another 

hottle called a receiver. 
Rock-crystal. Cp3-8tanized si lex. S. 

Sacckolates. Salts formed by the combinatiou of any base with saccbdte* 

'tie acid. 

SaUfiabte bases. All the metals, alkaliee, and earths, which are capable of 

combining wiih acids, and forming salts, are called salifiable bases. 
Saline. Partaking of the properties of salt. 
Sa'is, neutral. ' A class of substHuoes formed by the combi nation to satarfri 

tioii of an acid with an alkali, an earth, or other salifiable base. 

■ triple. SaUs tbrroed by the combination of an acid with two bases or 

ra<iiC8ls. The tartrate of soda and potass (Rochelle salt) is an instance 

of this kind of combination. 
Saponaceous. A term applied to any substance which is of the natare or 

appearance of soap. 
Satttrutioti. The act of impregnating a fluid with another substance, till no 

more can be received or. imbibed A fluid which holds as much of any 

substance as it can dissolve, is said to be saturatefl with Uiat substance. 

A solid may in the same way be saturated with a fluid. 
Sedates. Salts formed by the combination of any base with sebacicacid. 
Semi'MetaL A name formerly given to those metals, which, if exposed to 

the fire, ai^ neither malleable, ductile, nor fixed. It is a term not used 

by mo<lem chemists. 
S^ceotts Elarlhs. A terra used to describe a variety of natural sabstanees 

which are composed chiefly of silex; as quartz, flint, sand, kc. 
Simple Substances. Synonymous with Elemetifs ,• which see. 
Smeltinff. The operation of fusing ores for the purpose of separating the 

metals they contain, from the sulphur and arsenic with which they are 

mineralized, and also from other heterogeneous matter. 
Solution. The perfect union of a solid substance with a fluid. Salts dissdr* 

ed in water are proper examples of solution. 
•Spars. A name formerly given to various crystallized stones; such as. the 

fluor spar, the adamantine spar, &c. These natural substances are bow 

distinguished by names which denote the nature of each. 
Stalactites, Ceilain concretions of calcareous earth found suspended like iei- 

cles in caverns. They-^re formed by the oozing of water through the 

crevices, charged with thii^ kind of earth. 
Steatites. A kind of stone composed of silex, iron, and magnesia. Also 

called French chalk, Spanish chalk, and soap-rock. 
'^Sub'Salis. Salts with less acid than is sufficient to neuU*alize their radicals. 
Suberates. Salts formed by the combination of any base with the suberic acid. 
Sublimation. A process whereby certain volatile substaiTces are raised by 

heat, and again condensed by cold into a solid form. Flowers of sulphur 

are made in this way. The soot of our common fires is a familiar ia« 

stance of this process. 
Succinates Salts formed by the combination of any base with the succinic aeiil 
Sulphates. Salts formed by the combination of any base with the sulphurio 

acid. 
Sulphites, Salta formed by the combination of any base w ith the sulphurous 

acid. 
Sulphures and Sulphurets. Combination of alkalies, or metals with sulphur. 
Sulj>huretted. A substance is said to be sulphuretted when it is combiued 

with sulphur. Thus we may say sulphuretted hydrogen, &c. 
Super-Salts. Salts with an excess of acid, as the supertartrate of potass. 
Synthesis. When a body is examined by dividing it into its component parts, 

it is called analysis / but when we attempt to prove the nature of a sub- 
stance by the union of its principles, the operation is called synthesis. 

T. 

Tartrates, Salts formed by the combination of any base with the acid ofrtartsr 
Temjterature. The absolute quantity of free caloric which is attached to any 
body occasions the degree of temperftture of that body. 
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Test That part of a cnpel which is impregnated with litharge in the opera' 
tion of refining lead. It is also the name of whatever is employed in chem- 
ical experiments to detect the several ingredients of any composition. 

Test-Papers. Papers impregnated with certain chemical re-agents ; such as 
btmus, turmeric, radish, &c. They are used to dip into fluids to ascertain 
by a change of colours the presence of acids and alkalies. 

Thermotmter. An instrument to show the relative heat of bodies. Fahren- 
heit's thermometer is that chiefly used in England. Other thermometers 
are used in different parts of Europe. 

Tinctures. Solutions ofsubstances in spiritous menstrua. 

Trituration. A chemical opunition wliereby substances are united by fric- 
tion. Amalgams are made by this method. 

Tubulated. Retorts which have a hole at the top for inserting the materials 
to be operated upon without taking them out of the sand heat, are called 
/tt /m/a/crf retorts. 

Tungstates. Salts formed by the combination of any base with tungstic acid* 

Placuvm. A space unoccupied by matter. The term is generally applied to 
the exhaustion of atmospheric air by chemical or philosophical means. ^ 

Vapour. This term is used by chemists to denote such exhalations only as , 
can be condensed and rendered liquid agiin at the ordinary atmospheric 
temperature, m opposition to those which ure permanently elastic. 

Vital Air. Oxygen gas. The empyrial or fire-air of Scheelc, and the dephlo- 
gisticated ajr of Priestly. 

Vttrijication. When certain mixtures of solid substances, such as silex and 
alkali, are exposed to an intense heat, so as to be fused, and become glass 
they are then said to be vitrified, or to have undergone vitrification. ' 

Vitriols. A class ofsubstances, either earthy or metallic, which are combi- 
ned with the vitriolic acid. Thus there is vitriol of lime, vijtrioLor iron, 
vitriol of copper, &c ~ These salts are now called Sulphates, ^because iW 
acid which forms them is called sulphuric acid. 

Vilrinlated Tartar. The old name for sulphate of potass. 

Volatile Alkali. Another name for ammonia. 

Vokiiitc Salts. The commercial name for carbonate of ammonia. 

Volatility. A property of some bodies which disposes them to assume tha 
gaseous state. This property seems to be owing to their affinity for caloric. 

Volume. A term made use of by modern chemists to express the space occa- 
pied by gaseous or other bodies. 

u. 

Union^ chemical. When a mere mixture of two or more substances is made, 
they are said to be mechanically united ; but when each or either sub- 
stance forms a component part of the product, the substances have form- 
ed a cA^mtca/ union. 

w. 

Water. The most common of all fluids, composed of 85 parts of oxygen, 
and 15 of hydrogen. 

mineral. Waters wliich are impregnated with mineral and other sub- 
stances are known by this appellation. These minerals are generally held 
in solution by carbonic, sulphuric, or muriatic acid. 

JVay^ dry. A term used by chemical writers when treating of analysis or de- 
composition. By decomposing in the dry way, is meant, by the agency of 
fire. 

Way^ humid. A term used in the same manner as the foregoing, but expres- 
sive of decomposition in a fluid state, or by means of water, and chemical 
reagents, or tests. , 

Welding Heat. That degree of heat in which two pieces of iron or of plati- 
na maybe u.)ited by haromeriiK. 

Wdfram. An ore of tungsten cMtaining also manganese and iron. 

Worm Tuh. A chemical vessel jvith a pewter worm fixed in the inside, and 
in the intermediate space filled with water. Its use is to cool liquors du- 
ring distillation. 
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Wqiv^^9 apparaius. A contrivance for diBtilliiigf the mineral acids andotW 
gaseous substances with little loss ; being a train of receiyers with safety- 
pipes, and counected together by tubes. 

z. 

Zaffre. An oxide of cobalt, mixed with a portion of silicioua matter. It is 
imported in this state from Saxony. 

Zero, The point from which the scale of a thermometer is graduated. Thas 
Celsius*s and Reaunlur's thermometers have their zero at the Jrtanxg 
point, while the thermometer of Fahrenheit has its zero at that point at 
which it stands when immersed in a mixture of snow and commoo salt. 



LIST OF EXPERIMENTS. 

In DiakiDg' up the following' listof experimeDts, 1 have been care- 
rfal in general to select such-as can be made with safety fo the yonng 
student ; where this is not the case the caution is mentioned. Most 
of them require but very simple apparatus. Where any experi- 
ment illustrates the text, a reference is made to the pag-e. Some 
of them are original, others are borrowed. I ha^e not, however, 
deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected bj polished 
metallic surfaces, hold a common new tin pan before the £re. The 
pan wiHTemain cold. See p, 41- 

2. To show the power of a black surface to absorb caloric, 
emoke or paint a black spot of the size of a dollar on the bottom of 
a tin pan, and hold it towards the fire. On touching this spot, it 
will be found hot, while the parts around it remain cold. See p. 
46. 

3. To make the upper part of a vessel of water boH, while there 
is a cake of ice at the bottom. Into a glass tube put water enough 
to occupy two inches. Freeze this, so as not to burst the tube, with 
a freezing mixture, or by exposure to cold in winter. Then fill the 
tube nearly full of water, and wind a flannel cloth several times 
around the part containing the ice, so that the heat of the hand will 
not melt it. Then hold the tube in an oblique direction over a 
lamp, so as ,to beat the water an inch or two above the ice. The 
water will soon begin to boil, and by raising the tube a little at a 
time, it will boil almost to the surface of the ice, without melting 
it. See p- 62. 

4. To show that some of the metals conduct caloric better than 
others, procure wires of the same size and length, of gold, silver, 
xiopper, iron, zinc, tin, &c. The wires may be Vi or 14 inches long. 

Coat one end of each with bees wax, and put the other ends into a 
vessel of hot water. The wax will melt first on the metal which is 

^the best conductor, and the comparative conducting powers are cal- 
culated by ihc difference of time between the melting of the wax 
on each. See p. 61. 

6. The conducting powers of difierent substances in regard to ca- 
loric, may be much more sensibly elucidated, by touching in cold 
weather, a metal with one hand, and a piece of cork, wood, or cloth 
with the other. Here the sensation of cold, to the hand which 

touches the metal, is owing to the power which all metals have of 
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condacting' offbeat, more rapidly than any other class of substan- 
ces. See p. 49. 

6. To show that evaporation carries off caloric, moisten the bulb 
of a thermometer tube with eiher^ by means of a hair pencil. The 
mercury immediately begins to fall, and if the process be continu- 
ed, may be brought down to the freezing point, even in warm 
ifeather.^ Whenever a fluid substance is converted into vapor, it 
absorbs a quantity of caloric. In the present case, the ether takes 
from the bulb of the thermometer, the caloric necessary to give it 
the elastic form. Therefore^ every new application ot the ether 
carries off successive portions of heat, and the mercury continues 
to sink, until the bulb becomes.so cold, as to absorb caloric from the 
surrounding air, faster than it is carried off by the evaporation. This 
is the reason why the mercury cannot be depressed below a certain 
point by evaporation. The ether, although it assumes the elastic 
lorm, does not receive the caloric necessary for this purpose from 
the thermometer, but from the surrounding air. See p. 73. 

7. To demonstrate that fluids boil at comparatively small degrees 
of heat, when the pressure of the atmosphere is taken off, about half 
£li with water a small retort, or Florence flask (common oil flask,) 
and let it boil over a lamp* When tlie upper part is filled with steam 
take it from the lamp, and instantly cork it airtight. If now it is 
pqt into cold water, it begins to boil violently. If taken out of the 
ivater, it stops boiling, and this maj^ be done many times. This 
curious method of making water boil by the application of cold, is 
easily accounted for. When the flask is put into cold water, the steam 
with which it was filled, is condensed and returns a|fain to water. 
This leaves a var.uum, in which water is converted mto steam, or 
boils, at a much lower temperature than in the open air. See p. 58. 

8. If the above experiment is made by means of a small retort, a 
Tery curious circumstance may be observed: When the water is 
cold, and consequently nearly a perfect vacuum is formed, if the re- 
tort is shaken, there is produced a sharp rattling noise, as though it 
contained shot, instead of water, so that one would suppose by the 
noise that the retort would be broken into a thousand parts at ev- 
ery motion. This is owing to the weight with which the water falls 
upon the glass, when there is no air to impede its motion. See p. 64. 

j^; Into a thin glass vessel pour an ounce or two of water, and 
then pour in tfvo drams of sulphuric aqid; the glass will instantly 
become too hot to be held ii) the band. This experiment elucidates 
the doctrine of latent heat. On mixing these two fluids, a chemie- 
al combination tajkes place between their particles, in consequence 
of which caloric is extracted at the same time their bulk is dimin- 
ished. This also i^u&trates Pr. Black's. law,. that when substances 
ppss from a rarer to a deoser state, caloric is given out. If qoe 
measure of sulphuric acid, and one of water, be mixed together, \in» 
nixtore will nqt again ^11 tbe treasure twice. Se& p. 77. 

10. To procure nitrogen, take a bell glass or larger tumbler, anil 
iOTert it over a short taper, set in a shaUow dish of waten The tn- 
per burns until it absorbs all the oxygen contained in the air under 
the bcill glass. What remains is Qitro^^en. If now, a lighted, taper 
be put under the bell g:la^» it will be mstantly extinguished, shov- 
ing, the absolute necessity of oxygen for the support of oombnstiooj 
See p. 100. 

It. TheCbrmationof water bj the baroin([^ of hydrogen may be 
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abowD thus: Take a Florence flask and pour into it half a pint of 
water, then put in about an ounce of granulated zinc, or il»e same 
quantity of iron filings, and then pour in half an ounce by measure 
of sulphuric acid. Have ready a cork, pierced with a burning- iron, 
and the stem of a tobacco pipe passed through the aperture. After 
putting in the acid, put the cork in its place, and fix the flask up- 
right by setting it in a bowl, surrounded by a cloih to mafte it s-tand 
up and prevent its breuking. As the hydrogen is formed, it issues 
through the btem of the cobacco pipe, at the end of which it is to be 
fixed. If now a glass tube two or three feet long, and an inch or 
two wide be passed on to the stem so as to include the flame wiihia 
its h>ore, the tube, in a few moments will be covered on the inside, 
with moisture. 5^ee p. 109. 

If the orifice of the tube is quite small at the end where the gas is 
fired, the above experiment serves to produce the musical iottes. — 
See p. 118. 

12. An exhibition of gas light my be made as follows : Into the 
bowl of a common labacco pipe put a piece of mineral, or what is 
called 8fa-co.ily and cover the coal closely with claj'. When the 
clay is dry, place the bowl in the fire and heat it slowly. In a feir 
minutes the gas, called carburrclUd hydrogen will issue from the 
end of the pipe stem ; set fire to it with a candle, and it will bum 
with a beautiful bright dame. This is the gas with which the streets, 
factories, Szc. are lighted in many of the European cities. 

In the absence of mineral coal, a ival nut, small piece of pine 
knot, or butternut meat, &c. may take the place of coal. See p, 120. | 

13. The following gives an example of the manner m which sul- I 
phuric acid is formed. 

Mix with a small quantity of the flowers of sulphur, about one { 
fifth part of finely pulverized nitre. Make a stand by hollowing \ 
with a hammer a large button, and -attaching wire to the eye, for | 
feet, so that the button will be two inches high ; or, by any other ! 
means, place the sulphur and nitre about this height in a shallow 
dish, containing an inch or two of water. Set fire to the mixture ' 
with a hot iron, and immediately invert over it a bell glass, or large 
tumbler. The sulphur as it burns, absorbs oxygen from the air 
contained under the bell glass, in a proportion which would consti- i 
tute sulphurotM acid. 'At the same time, the heat which this pro- 
cess occasions, compels the nitre to give out another proportion 
of Oxygen, which is absorbed by the sulphurous acid, and this addi- 
tional quantity of oxygen, constitutes sulphuric acid. Seep. 190i 

14. Take three parts of nitre, two of potash, and one of sulphur, 
•nd mix them intimntely, by rubbinr in a mortar. This compouDd 
is called fulminating powder. On placing a little of it on a shoTel 
orer a hot fire, it explodes with great violence, and with a peculiarly 
stunning report. 

The combustion of pfioipkuretled hydrogen in oxygen gas, af- 
fords one of the most striking and beautiful aoiong chemical exper* 
ivients. It is done as follows ; Take some phosphuret of lime, wrap 
it in a paper and push it under a vessel, as a wide mouthed vial, fined 
with water, and inverted on the shelf of the water bath. As soon as 
the water penetrates through the paper so as to wet the pbospharat of 
lime, bubbles of phosphuretted hydrogen, begin to rise up through 
the water. While this is going on, fill a strong gtess vessel, at a 
tumbler, or a piece of thickglass tube stopped at one end, with ox- 



^n ^8. Inrert this also on the shelf of the water bath. When 
the phosphuretted hydrogen is collected^ take the vessel containing^ 
it in one hand, and that containing the oxygen in the other ; bring 
the mouth of the former, by sinking it deeper in the water, under 
the edge of the latter vessel, then by carefully depressing the bot- 
tom of the vessel containing the phosphuretted hydrogen, let up a 
bubble at a time into the oxygen gas. If this experiment is made 
in a darkened room, the flashes of light appear astonishingly vivid 
and beautiful. See p. 135. 

16. Take six or eight grains of oxy-muriaie of potash, put it ii^ 
a mortar and drop in wilh it about a grain of solid phosphorus, cut 
into two or three parts ;' then rub them together with the pestle.— 
Very violent detonations are produced by these small quantities. 
It is best, therefore, not to use more than is here mentioned at a 
time. The hand, holding the pestle, ought always to be protected 
with a glove or handkerchief. 

17. To make liquid phosphorus, take an ounce vial and half fill it 
with olive oil, put into the oil a piece of phosphorus of the size of a 
pea ; gradually heat the bottom of the vial, until the phosphorus is 
melted, taking care to keep the thumb on the mouth ; then cork it 
air tight. If this vial is first shaken, and then the cofk be taken 
out, it becomes luminous, first near the mouth, and gradually down 
to the oil, at the bottom. The light which a bottle prepared in this 
way g^ves, particularly if warmed, by holding it in the band, is suffi- 
cient to tell the hour of night by a watch. This luminous appear- 
ance, when the cork is removed, is owing to the union of the oxy- 
gen of the atmosphere with the phosphorus. It is slow combustion, 
attended with light, and most probably with some heat. 

18. If drawings be made on silk with a solution of nitrate of sil- 
ver, and the silk first moistened, is exposed to a stream of hydrogen 
gas, or in any other way exposed to the action of this gas, the metal 
is instantly revived, and the silk is covered with figiires of silver. — 
See p. 155. 

19. If a few drops of a solution of nitrate of silver in water, be 
placed on a bright surface of copper, the silver is revived, and ^ives 
the copper a brilliant white coat of that metal. This is explained 
on the principle of affinity. The copper has a stronger attraction 
for the acid which composes a part of the nitrate of silver, than the 
silver itself has. Therefore it attracts the acid from the silver, in 
consequence of which this is received, and at the same time preci- 
pitated on the copper. See p. 155. 

20. Take a little of the white arsenic of the shops, and mix it with 
some finely ground charcoal ; put the mixture into a small ^lass 
tube closed at one end, and expose the part where the mixture is to 
a moderate degree of heat gradually raised ; the arsenic will be re- 
ceived, and will attach itself to the upper part of the tube, giving it 
a brilliant metallic coat like quick silver. The arsenic may be 
preserved in this state by stoppmg up the tube. See p. 155. 

21. Dissolve a tea-spoonful of sugar of lead in a quart of rain 
water. Put this into a decanter, or white glass bottle, and suspend 
in it by means of a string a piece of zinc. The zinc decomposes 
the acetate of lead by depriving it of its oxygen ; the consequence 
is, that the lead is precipitated in the metallic state, on and around 
the zinc, and forms a brilliant tree of metal. 

22. Pour a solution of nitrate of silver into a glass vessdl, and im- 

29 
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merse a few slips of copper in it. In a short time, a portion of cop 
per will be dissolved, and all the silrer precipitated in a metaUie 
form. If the solution which now contains copper be decanted into 
another g^lass, and pieces of iron added to it, this metal will then be 
dissolved, and the copper precipitated, yielding a striking instance 
of peculiar affinities. See p. 176. 

23. Ivory may be coated with silver by the following* process r 
Make a strong solution of nitrate of silver m pure water ; into this, 
immerse a piece of ivory until it turns yellow ; then take it out and 
immediately plunge it into a vessel of distilled water exposed to the 
direct rays of the sun until it turns black. On rubbing it gently it 
will appear covered with a brilliant coat of silver, resembling a bar 
of that metal. This curious effect is owing to the solar light whidi 
decomposes the nitrate of silver, by taking the oxygen from it, 
which flies off in the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass bubbles 
of carbonic acid gas by means of a bladder and tube, the lime water 
instantly becomes white and turbid, and finally deposits a quantity 
of carbonate of lime in the form of powdered chalk. If now the water 
be evaporated, a white powder remains which effervesces with 

' acidSf If this powder is put into a retort, and sulphuric acid dilated 
with water, is poured upon it, the beak of the retort being under a 
vessel filled with water, the carbonic acid is again obtained, and the 
salt remaining in the retort will be sulphate of lime or gypsum. 

25. Mix one part of nitric acid with 5 or 6 parts of water in a vial ; 
into this put some copper filings, and in a few moments pour off the 
liquid ; it wilt be colourless. If now there be added some liquid 
ammonia, another colourless fluid, the mixture becomes of an in- 
tense and beautiful blue. Hence ammonia is a most delicate test 
for the presence of copper, with which it strikes a deep blue co- 
lour. See p. 187. 

26. Put into a vial of pure water a few drops of the tincture of nat 
galls, made by steeping the g^lls in water ; into another vial of pare 
water put a grain or two of the sulphate of iron. If these colour- 
less fluids are mixed, they instantly become black. Tincture of galls 
is a most delicate test for the presence of iron, with which it strikes 
a black. These two substances form the basis of ink. See p. 187. 

27. Take two small glass jars, or tumblers, and fill one with-cor- 
bonie acid gas, and the other with oxygen gas. Have them set ap- 
right with a cover on each. If a lighted taper be plunged into the 
vessel containing the carbonic acid, it is extinguished instantly ; but 
if it is immediately plunged into the other jar containing the oxy- 
gen, it is as instantly lighted with a sort of explosion. See p. 236. 

28. Put eight or ten grains o( oxy-muriaie of potash into a tea-cap, 
and then pour in two or three drachms of alcohol. — If now about two 
drachms of sulphuric acid is added, the mixture beg^ins to dart forth 
little balls of blue fire, and in a minute or two, the whole bursts 
into flame. The alcohol is inflamed by the chlorine which is set 
free from the salt, in consequence of the combination which takes 
place between the potash and the sulphuric acid. See p, 236. 

29. Into a glass tube jialf an inch or an inch wide, two or three 
inches long, with a bulb at the end, put a grain or two of iodine. 
Warm the tube, ^but not at that part whisre the iodine is,) and im- 
mediately cork it tight ; the tube remains coburless, there being 
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«nQly a few little specks here and there. If at any time the tube be 
warmed at that part where the iodiae is, it is instantly filled with a 
g9s of a most beautiful violet colour. If care is taken to keep the 
tube well closed, so that the iodine does not escape, when it takes 
the form of gas, this effect will always be produced whenever the 
tube is warmed. A tube with two bulbs, like what is called 2iptUt€ 
glass^ coDtainiug the iodine hermetically sealed, would be bietter. — 
Such a little apparatus would be quite a curiosity to those who 
know nothing of the nature of iodine. See p. 238. 

30. Write on paper with a solution of the nilrat of silver, taking^ 
care not to have it so strong as to destroy the paper. So long as it 
is kept in the dark, or if the paper be closely folded, the writing re- 
mains invisible ; but oh exposure to the ravs of the sun the charac- 
ters turn yellow, and finall v black, so that they are perfectly legible, 

Mr. Accum says, that this change of color is owing to the par- 
tial reduction of the oxide of silver, from the light expelling a por- 
tion of its oxygen ; the oxide therefore approaches to the metallic 
state ; for when the blackness is examined with a deep, or powerful 
magnifier, the particles of metal may be distinctly seen. 

31. Write on paper with a dilute solution of common sugar of 
lead ; the writing will remain invisible. But on moistening the lines 
with a pencil, or feather dipped in water impregnated with sulphu- 
retted hj^drogen, the metal is revived, and the letters appear in me- 
tallic brilliancy. 

The author above cited, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts the oxygen from the ox- 
ide of lead, and causes it to re-approach to the metallic state ; at the 
same time, the sulphur of the sulphuretted hydrogen gas combines 
with the metal thus regenerated, and converts it into a sulphuret 
which exhibits the metallic color. 

32. Write on^aper with a solution of the sulphate of copper. If 
this is strong, the writing will be of a faint green color ; if weak, 
the characters are invisible. On holding the paper over a vessel 
containing some liquid of ammonia, or if it be exposed to the action 
of this gas in any other way, the writing assumes a beautiful blue 
color. On exposing the paper to the sun, the color disappears, be- 
cause the ammonia evaporates. 

33. Put a small piece of phosphorus into a crucible, cover it close- 
ly with common chalk, so as to fill the crucible. Let another cru- 
cible be inverted upon it, and both subjected to the fire. When the 
whole has become perfectly red-hot, remove them from the fire, and 
when cold, the carbonic acid of the chalk will have been decompos- 
ed, and the Black Charcoal, the basis of the acid, may be easily 
perceived amongst the materials. 

34. Into a large glass jar inverted upon a flat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other such 
shrub, moistened with water, introduce a flat, thick piece of heated 
iron, on which place some gum benzoin in gross powder. The ben- 
zoic acid, in conse<][uence of the heat, will be separated, and ascend 
in white fumes, which will at length condense, and form a most 
beautiful appearance upon the leaves of the vegetable. This will 
serve as an example of Sublimation. 

3^. Mix a little acetate of lead with an equal portion of sulphate 
of zinc, both in fine powder ; stir them together with a piece of 
ghu or wood, and no chemicsd change will ne perceptible ; bat if; 
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they be nifcbed togiether in a mortar, the two solids will operate on 
each other ; an intimate union will take place, and a fluid will be 
produced. If alum or Glauber salt be used instead of sulphate of 
aoc, the experiment will be equally successful. 

36. If the leases of a plant, fresh gathered, be placed in the aun, 
rery pure oxyg^en g^s may be collected. 

37. Put a little fresh calcined magnesia in a tea-cup upon the 
hearth, and suddenly ponr over it as much coQceotrateid sulphnric 
acid as will cover the magnesia. In an instant sparks will be tbrowB 
out, and the mixture will become completely ignited. 

28. If a few pounds of a mixture of iron filings and sidphur be 
made in paste with water, and buried in the ground for a few hours, 
the water will be decomposed with so much rapidity, that combus- 
tion and flame will be the consequence. 

39. For want of a proper glass ressel, a table spoonfull of ether 
may be put into a moistened bladder, and the neck of the bladctor 
olosely tied. If hot water be then poured upon it, the ether will 
expand, and the bladder become inflated. 

40. Procure a phial with a glass stopper accurately ground' into 
it; introduce a few copper flliogs, then entirely fill it with liquid am-^ 
monia, and stop the phial so as to exclude all atmospheric air. If left 
in this state, no solution of the copper will be effected. But if the 
bottle be afterwards left open for some time, and then stopped, the 
metal will dissolve, and the solution will be colorless. Let the stop- 
per be now taken out, and the fluid will become blue, beginning; at 
the surface, and spreading gradually through the whole. If thiabftitf 
solution has not been too long exposed to the air, and fresh copper 
filings be put in, again stopping the bottle, the fluid will once more 
be deprived of its color, which it will recover only by the re-ad- 
mission of air. These effects may thus he repeatedly produced. 

41 . If a spoonful of good alcohol and a little boracic acid be stir- 
red together in a tea-cup, and then set on fire, they will produce a 
beautiful green flame. 

42. Alloy a piece of silver with a portion of lead, place the alloy 
upon a piece of charcoal, attach a blow-pipe lo a gasometer,* charg- 
ed with oxygen gas, light the charcoal first with a bit of paper, and 
keep up the heat by pressing upon the machine. When the metals 
get into complete fusion, the lead will begin to burn, and very soon 
will be all dissipated in a white smoke, leaving the silver in a state 
of purity. This experiment is designed to show the fixity of the no- 
ble metals. 

43. Burn a piece of iron wire in a deflagrating jar of oxygen gas, 
and suffer it to burn till it goes out of itself. If a lighted wax taper 
be now let down into the gas, this will burn in it for some time, and 
then become extinguished. If ignited sulphur be now introduced, 
this will also burn for a limited time. Lastly, introduce a morsel of 
phosphorus, and combustion will also follow in like manner. These 
experiments show the relative combustibility of different substances. 

44. Drop a piece of phosphorus, about the size of a pea, into a 
tumbler of hot water, and from a bladder, furnished with a stop oock, 
force a stream of oxygen gas directly upon it. This will afloid the 
most brilliant combustion under water that can be imagined. 

45. Take an amalgam of lead and mercury, and another amalgam 
of bismuth, let these two solid amalgams be mixed by triture, and 
they will instantly become fluid. 
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46. Into distilled water drop a little spiritous solution of soap, no 
chemical effect will be perceived ; but if some of the same solution 
be added to hard- water, a miikiness will iipmediately be produced, 
more or less, according^ to the deg^ree of its impurity. This is a good 
method of ascertaining the purity of spring water. 

47. To silver copper or brass. — Clean the article intended to be 
silvered, by means of dilute nitric acid, or by scouring it with a 
mixture of common salt and alum. When it is perfectly bright, 
moisten a little of the powder, known in commerce by the name of 
silvering powder^ with water, and rub it for some time on the per- 
fectly clean surface of copper, or brass, which will become covered 
with a coat of metallic silver. It may afterwards be polished with 
soft leather. 

The silvering powder is prepared in the following manner : Dis- 
solve some silver in nitric acid, and put pieces of copper into the so- 
lution ; this will throw down the silver in a state of metallic powder. 
Take fifteen or twenty grains of this powder, and mix with it two 
drachms of acidulous tartarite of potash, the same quantity of cook . 
mon salt, and half a drachm of alum. Another method : Precipi* 
tate silver from its solution in nitric acid by copper, as before ; to 
half an ounce of this silver, add common salt and muriate of ammo- 
nia, of each two ounces, and one drachm of corrosive sublimate ; 
rub them together, and make them into a paste with water. With 
this, copper utensils intended to be silvered, that have been pre- 
viously boiled with acidulous tartarite of potash and alum, are to be 
rubbed ; after which they are to be made red-hot, and polished. 

48. To prove that the air of the atmosphere always contains car- 
bonic acia. This may be shewn by simply pouring any quantity of 
barytic water, or lime water, repeatedly from one vessel into ai»- 
other. The barytic water when deprived of the contact of air, is 
perfectly transparent ; but it instantly becomes milky, and a white 

Erecipitate, which is carbonate of barytes, is deposited, when 
rought into contact with it for a few minutes only. 
The quantity of carbonic acid contained in the atmosphere, sel- 
dom varies, except in the immediate vicinity of places where respi- 
ration and combustion are going on in the large way, and is about 
one hundredth part. 
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Absorption of caloric, 40, 45 Albumen, 387 
Acetic acid, 252, 253 Alburnum, 283 
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AerifonD,31 Alum, or snlphat of alumine* 
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Alamine, 196 

Alumium, 19 

Amalgam, 163 

Amberg^ris, 320 

Amethyst, 197 

Amianthus, 201 

AmmoDia, or volatile alkali, 169, 

181, 188 
Ammooiacal gas, 188 

how obtained, 191 
Analysis, 138 

of Tegetablei, 241 
Animals, 288 
Animal acids, 292 

colors, 294 

heat, 311 

oil, 292 
AnimalizatioD, 287, 296 
Antidotes^ 191 
Antimony, 20 
Aqua fortis, 216 

re^ia, 160 
Arrak, 262 
Argand's lamp, 107 
Arsenic, 20, 163, 165 
Arteries, 298 
Arterial blood, 3U6, 308 
Asphalturo, 270 
Assafoetida, 249 
Assimilation, 297 
Astringent principle, 263 
Atmosphere, 61, 95, 108 
Atmospherical air, 95 
Attraction of ag-gregatioD, or co- 
hesion, 21, 171 
Attraction of composition, 23, 

171 
AEote, or nitrogen, 214 
Azotic g^, 95 

B 
Balsams, 249 
Balloons, 122 
Bark, 282 
Barytes, 192, 197 
Basis of acids, 264 

gases, 30 

salts, 172 
Beer, 258 

Benzoic acid, 204, 253 
BU^ 303 
Birds, 297 
Bismuth, 20 
Bitumens, 270 

Uack lead, or plambago, 146 
Bleaching, 210 
Hloir-pipe, 140, 153 



Blood, 303, 305 
Blood*yes8el8, 309 
Boiling water, 67 
Bombic acid, 292, 204 
Bones, 295 

Boracic acid, 204, 226 
Boracium, 19, 227 
Borat of soda, 227 
Brandy, 261 
Brass, 162 
Bread, 244 
Bricks, 197 
BritUe metals, 20 
Bronze, 162 
Butter, 318 
Butter-milk, 318 

C 
Calcareous earths, 224 

stones, 223 
Calcium, 20 
Caloric 29 

absorption of, 46 

conductors of, 48 

combined, 69 

expansive power ot, 30, 
31 

equilibrium of, 39 

reflection o( 46 

radiation of, 40, 43 

solvent power of, 59 

capacity for, 70 
Calorimeter, 83 
Calx, 102 
Camphor, 240 
Camphoric acid, 204,253 
Caoutchouc, 240, 249 
Carbonats, 226 
Carbonat of ammonia, 290 

lead, 150 

lime, 199 

ma^esia, 201 

potash, 184 
Carbonated hydro^n gas, 144 
Carbon, 137 
Carbonic acid, 142 
Carburet of iron, 145 
Carmine, 294 
Cartilage, 297 
Castor, 321 

Cellular membraiit, 300 
Caustics, 164 
Chalk, 199, 226 
Charcoal, 137 
Cheese^ 320 
Chemical attractioD, 2t 
Cfaemistiy, 13 
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Chest, 304 

Cbioa, 197 

Chlorine, 18 

Chrome, 20 

Chyle, 298 

Chyme, 303 

Citric acid, 204, 253 

CircalatioD of the blood, 205 

Civet, 321 

Clay, 38 

Coke, 270 

Coal, 270 

Cobalt, 20 

Cochineal, 274 

Cold, 40 

from eyaporation, 80 
Coloars of metallic oxyds, 151 
Colambium, 20 
Combined caloric, 69 
Combastion, 99 

Tolatile products of, 107 

£zed pTodactB of, 107 

of alcohol, 263 

of ammoniacal gas, 188 

of boracium, 227 

by oxy-muriatic acid, or 
chlorine, 231 

of carbon, 140 

of coals, 119,145 

of charcoal, by nitric acid, 
215 

of candles, 118, 147 

of diamonds, 140 

of ether, 266 

of hydrogen, 109, 116 

of iron, 105 

of metals, 152 

of oils, 147 

of oil of turpentine by ni- 
trous acia, 215 

of phosphorus, 133 

of sulphur, 128 

of potassium, 168 
Compound bodies, 17 

or neutral «dts, 182 
Conductors of heat 48 

solids, 50 

fluids, 51 

Count Rnmford's theory, 
51 
Constituent parts, 17 
Copper, 20, 165 
Copal, 249 
Cortical layers, 282 
Cotyledons, or lobe, 278 



Cream, 318 

Creams of tartar, or tartrit of pot- 
ash, 263 
Cryophorus, 82 
Crystalhzaiion, 159 
Cucurbit, 127 
Culinary heat, 55 
Curd, 319 

Cuticle, or epidermis, 300 
Cyanogen, 293 

D 
Decomposition, 16 

of atmospherical air, 98, 
-100 

of water, by the Voltaic 
battery, 112 

of salts by the VolUic bat- 
tery, 179 

of water by metals, 113 
by carbon, 144 

of yegetables, 254 

of potash, 168 

of soda, 169 

of ammonia, 169 

of the boracic acid, 227 

of the fluoric acid, 228 

of the muriatio acid, 229 
Deflagration, 221 
Definite proportions, 177 
Deliquescence, 311 
Detonation, 115, 123 
Dew, 62 
Diamond, 138 
Diaphragm, 304 
Digestion, 302 

Dissolution of metah, 87, 157 
Distillation, 127, 208 

of red wine, 261 
Diyellent forces, 176 
Division, 16 
Drying oils, 346 
Dyeing, 250 

E 
Earths, 181 
Kartben-ware, 197 
Effervescence, 157 
Efflorescence, 211 
Elastic fluids, 31 
Electricity, 86, 90, 92 
Electric machine, 88 
Electo-magnetism, 94 
Elective attraction^ 174 
Elementary bodies,' 17 
Elixirs, tincture^ V ^iihitiieeo- 
ces, 263 
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Enamel, 197 
fjpidemiisofyegetables, S82 

of animals, 300 
Epsom salts, 201 
Equilibrium of caloric, 39 
Essences, 147, 247 
EssAitial or volatile oils, 147, 

247 
Ether, 65, 265 
Evaporation, 61 
Ererg^ens, 286 
Eudiometer, 134 
Expansion of caloric, 30 
Eztractire colouring matter, 250 

P 
Falling^ stones, 161 
Fat, 318 
Feathers, 296 
Fecula, 244 
Fermentation, 356 
Fibrine, 287, 292 
Fire, 16, 26 
Fish, 316 



Fixed air, or carbonic acid, 140, Heart, 305 



Gelatine, or jelly, 287 28a 

Germination, 277 

Gin, 262 

Glands, 295, 299 

Glass, 185 

Glauber's salts, ortulphatsf aoda^ 

184 
Glazing, 197 
Glucium, 19 
Glue, 189 
Gluten, 244 
Gold, 20, 160 
Gum, 242 

arabic, 242 

elastic, or caoutchouc, 249 
resins, 249 
Gunpowder, 221 
Gypsum, or Plaster of Parii, or 

sulphatoflime,212 
H 
Hair, 299 

Harrogate water, 132 
HarUhom, 188, 190 
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wood, 283 
Heat, 26 

of capacity, 71, 74 

of temperature, 29 
Honey, 244 
Horns, 289 

Hydro-carbonatf 124, 145 
Hydrogen, 109 

gas, 110 
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alkalies, 121 

oik, 146, 245 

products of combostiony 
106 
Flame, 119 
FUnt, 185, 195 
Flower of blossom, 284 
Fluoric acid, 228 
Fluorium, or Fluorine, 28, 229 
Formic acid, 292 
Fossil wood, 271 
Frankincense, 249 
Free or radiant caloric, or heat Jet,'270 

of temperature, 29 
Freezing mixtures, 77 

by evaporation, 65, 80 
Frost, 62 
Fruit, 285 
Fuller's earth, 196 
Furnace, 145, 150 

G 
Galls, 253 
Gallat of iron, 213 
Gallic acid, 213, 263 
Galvanism, 85 
Oas, 95 
Gas-ligfati, 120 

•Gaseous ozyd of carbon, nitro- Koumiss, 320 
^««i, 142,217 L 

4aastrio joioe, 902 Lac, 321 



Jasper, 195 
Ice, 83 
Jelly, 289 



Ignes fatiii, 135 
Ignition, 68 

Imponderable agents, 1^ 
Inflammable air, 109 
Ink, 213 
Insects, 254 
Integrant parts, 17 
Iodine, 109, 237 
Iridium, 20 
Iron, 20, 150, 161 
Isinglass, 289 
Ivory black, 294 

Kali, 187 
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Laotio fteid, Sd^f 320 
Lakes, colours, 250 
Lamp without flame, 107, 322 
Latent heat, 73 
Laye&der water, 263 
Lead, 20, 151, 156 
Leather, 251, 291 
Leaves, 280 
Life, 239 
Ligaments, 296 
Light, 18 
Lightning, 215 
Lime, 198 

water, 199 
Limestone, 198 
Linseed oil, 246 
Liqueurs, 263 
Liver, 299 
Lobes, 278, 309 
Lunar caustic, or nitrat of silver, 

164,222 
Lungs, 307, 309 
Lymph, 298 
Lymphatic vessels, 293 

M ^ 
Magnetic needle, 94 
Magnesia, 201 
Magnium, 19 
Malic acid, 204, 253 
Malt, 258 

Malleable metals, 20 
Manganese, 20, 150 
Manna, 241 
Manure, 274 
Marble, 226 
Marine acid, or muriatic acid, 

229 
Mastic, 249, 263 
Materials of animals, 287 

of vegetables, 239 
Mercury, 20, 162 

new mode of freezing, 83, 
lo3 

Metallic ^ids, 160 

oxls, 150 

Metals. Ill' 

Meteoric stones, 161 
Mica, 201 
Milk, 288, 299 • 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miners' lamp, 125 
Mixture, 60 
Molybdena, 20, 160 



Mordant. 250 
Mortar, 201 
Mucilage, 241 
Mucous abid, 204, 24t 
membrane, 300 
Muriatic' acid, or marine acid, 

229 * 

Muriats, 234 ^ 

Muriat of ammonia, 188, 237 
lime, 78 
soda, or common si^lt, 187^ 

234 
potash, 235 
Muriatum, 19 
Muscles of animals, 295 ' 
Musk, 321 
Myrrh, 249 

N 
Naphtha, 270 * 

Negative electricity, 25, 84, 88 
Nerves, 299 

Neutral, or compound salts, 202 
Nickel, 20, 161 

Nitre, or nitrat of potash, or salt- 
petre, 215, 224 
Nitric acid, 214 
Nitrogen, or azote, 96 

gas, 96 
Nitro-muriatic acid, or aqua re* 

gia, 160 
Nitrous acid gas, 217 

air, or nitric ozydgas, 218 
Nitrats,221 
Nitrat of copper, 165 

ammonia, 219, 221 
potash, or nitre, or salt- 
petre, 215 
silver, or lunar caustic, 
222 
Nomenclature of acids, 202 
compound salts, 172 
Nomenclature of other binary 

compounds, 135 
Nut-galls, 213 
Nut-oil, 245 
Nutrition, 295 
O 
Ochres, 151 
Oils, 146, 247 
Oil of amber, 271 

vitriol, or sulphuric acid» 
206 
Olire-oil, 246 
Ores, 150 
Organized bodies, 239 
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Organs of aDimals, 299 

vegetables, 239 
Osmiam, 20, 163 
Oxalic acid, 204, 253 
Oxyds, 102, 157 
Ozyd of maDgaDese, 105 

iron, 102 
* lead, 151 

salphur, 201 
OxydatioD, or oxygenation, 157 
Oxygen; 18, 129 

Oxy-muriatic acid, 230 
Oxy*muriat8, 235 
Oxy*muriat of potash, 235 

P 
Palladinm, 20, 163 
Papin's digester, 290 
Parenchyma, 277, 283 
Particles, 21 
Pearl-ash, 183 
Peat, 271 

Peculiar juice of plants, 283 
Perfect meCals, 20» 153 
Perfumes, 247 
Perspiration, 310 
Petrifaction, 269 
Pewter, 162 
Pharmacy, 14 
Phosphat of lime, 213 
Phosphorated hydrogen gas, 135 
Phosphorescence, 28 
Phosphoric acid, 213 
Phosphorus, 132 

acid, 213 
Fhosphuret of lime, 195 

salphur, 136 
Pitch, 248 
Plaster, 201 
Platina,20, 153 
-Platina ignited by a lamp with- 

cnt a flame, 322 
Plating, 162 

Plumbago, or black lead, 161 
Plumula, 278 
Porcelain, 197 

Positive electricity, 25, 84, 88 
Potassium, 168 
Pottery, 197 
Potash, 182 
Precipitate, 24 

Pressure of the atinosphere, 67, 
68 

Prtaten' Ink, 232 



Pmssiat of iron, or Pnusian bloe^ 

294 

potash, 293 
Prussic acid, 293 
Putrid fermentation, 268, 321 
Pyrites, 212, 161 
Pyrometer, 32 

Q 

Quicklime, 198 

Quiescent forces, 176 
R 

Radiation of caloric, 89 

Preyost*s theory, 40 
Pictet's explanations, 4 
Leslie's illustrationsy 44» 

Radicals, 202, 206 

Radicle, or root, 278 

Rain, 62 

Rancidity, 246 

Rectification, 262 

Reflection of caloric, 40, 44 

Reptiles, 317 

Resins, 248 

Respiration, 300, 303 

Reviving of metals, 156 

Rhodium, 20, 163 

Roasting metals, 150 

Rock crystal, 195 

Ruby, 193 

Rum, 261 

Rust, 150, 155 
S 

Saccharine fermentation, S57 

Sal ammoniac, or mnriat of aoK 
monia, 188 

polychrest^ or solphat of 

potash, 210 
volatile, or carbonat of am- 
monia, 190 

Salifiable basis, 172 

Salifying principles, 172 

Saltpetre, or nitre, or nttrat of 
potash, 220 

Salt, 210 

Sand, 195 

Sandstone, 195 

Sap of plants, 257, 241, 283 

Sapphire, 193 

Saturation, 60 • 

Seas, temperature of, 54 

Sebacic acid, 246 

Secretions, 292 

Seeds of plants, 258, 28S 

Seltzer water, 143, 2Qa 

Senses, 300 



